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Neurons in the adult mammalian central nervous system (CNS) are normally 
unable to regenerate their axons following axotomy, whereas the peripheral nerves 
have a high capacity for regeneration after injury. In the last two decades, 
considerable developments in neuroscience research have resulted in an improved 
understanding of the response of central neurons to trauma and their requirements for 
supporting regeneration. Increasing efforts have been made to explore different 
strategies to promote CNS regeneration. Recent findings that Sertoli cells (SCs) from 
the testis possess trophic effects on dopaminergic neurons in culture and in vivo 
prompted an investigation of these cells in promoting the regeneration of CNS 
neurons. In this study, the potential of SCs to promote the regeneration of adult 
hamster retinal ganglion cells (RGCs), a type of CNS neuron, was examined by using 
two in vitro models: the retinal explant culture and the dissociated retinal cell culture. 
Some of the mechanisms behind the influence of SCs on RGC neurite outgrowth 
were also examined. 
Firstly, small retinal explants were cultured on poly-L-lysine (PLL)-coated 
coverslips seeded with 9-day-old, 14-day-old, and 6 to 8-week-old hamster SCs for 
two weeks. All three ages of SCs significantly increased the means of neurite number 
and the longest neurite length of explants compared with the PLL control This 
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neurite-promoting effect of SCs was found to be special compared with the testicular 
capsule cells which failed to promote retinal explant neurite growth. Liquid 
nitrogen-treated nonviable SCs also significantly enhanced neurite outgrowth 
compared with the control, indicating that SC surface alone is neurite-permissive. By 
studying the expression of cell surface molecules on SCs and the association between 
the expressed molecules and regenerating neurites, it was found that SCs can provide 
a favorable substratum for neurite regeneration. However, the nonviable SCs were 
far less potent than the viable cells in promoting neurite outgrowth. This suggested 
that factors secreted by viable SCs may also be important for stimulating 
regeneration. Hence, experiment was done by culturing retinal explants in 
conditioned media collected from the above three ages of SCs. The results show 
factors secreted from SCs into the culture medium also significantly enhance neurite 
outgrowth. A cocktail of trophic factors released by SCs may account for the 
promotion. 
Secondly, dissociated retinal cells were cultured in SC conditioned media 
(CM) to see whether the CM can also promote neurite outgrowth of dissociated 
RGCs. RGCs which regenerated neurites in culture were identified by neurofilament 
staining and pre-labeling with a retrograde marker. The 9-day-old SC CM 
significantly promoted RGC neurite number and length whereas the adult CM only 
stimulated the neurite length. The 14-day-old SC CM had no effect on the dissociated 
RGCs. In addition, the CM altered the morphology of microglia/macrophages in the 
dissociated retinal cell culture. 
ii 
Collectively, the above findings show that both young and mature SCs can 
promote neurite outgrowth of adult RGCs. The neurite-promoting effect of SCs can 
be mediated by their cell surface molecules and trophic factors secreted. Besides, 
SCs can alter morphology of certain retinal glial cells. Whether this change would 
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The adult mammalian central nervous system (CNS) has been shown to have 
almost no capacity to regenerate after injury. At the beginning of last century, Ramon 
y Cajal (1928) described the situations of the regeneration and degeneration of CNS. 
Clemente (1964), Guth and Windle (1970), Kieman (1979) and Berry (1983) reported 
the unsuccessful regeneration of CNS, Conversely, axons lesioned in the peripheral 
nervous system (PNS) show effective axonal regrowth and reestablishment of 
connections with their targets (Guth, 1956; Richardson and Ebendal, 1982). These 
diverse responses of the two nervous systems have been the subject of many 
investigations since last century. 
In recent years, the significant developments in basic neuroscience research 
have improved understanding of the courses in the axonal response to CNS trauma. 
This encourages further studies to find out ways to induce CNS regeneration upon 
injury. 
1.1 Prevalent explanation for the failure of adult CNS regeneration 
1.1.1 Lack of intrinsic growth potential in the CNS neurons 
The failure of mature central axons to regenerate following injury is suggested 
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to be related to the intrinsic growth capacity of the neurons. In the study where Chen 
et al. (1995) cocultured hamster retina with midbrain tectum, retinal axons derived 
from animals older than postnatal day 2 showed a precipitous decline in the ability to 
reinnervate their target tissue. The investigators concluded that developmentally 
regulated changes in the retinal neurons determined their capacity to regenerate axons 
into the central target (Chen et al , 1995). However, there were many conflicting 
findings demonstrated by Aguayo and colleagues (Aguayo et al , 1991; David and 
Aguayo, 1981; Richardson et al., 1980; Richardson et al.，1984). They showed that 
the CNS neurons were intrinsically capable of regenerating their injured axons if 
provided with appropriate environmental conditions. 
1.1.2 Insufficient supply of neurotrophic factors in CNS 
The neurotrophic hypothesis is built up on the basis that the survival of 
developing neurons relies on the limited provision of neurotrophic factors from their 
target tissues. Recent evidence, nevertheless has elicited another notion that the target 
tissue may not be the only neurotrophic factor-supplier to the neurons. Sofroniew et al. 
(1993) found that adult medial septal neurons remained alive even after ablation of 
their targets in the hippocampus, implying that their survival was independent of the 
target support. It becomes clear now that, besides the target, the neurons' trophic 
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support can be derived from the afferent neurons, the glial cells ensheathing their 
axons as well as the neurons themselves (Yip and So, 2000). In mature mammals， 
optic nerve (ON) lesions cause death of many retinal ganglion cells (RGCs) due to, at 
least in part, the supply interruption of neurotrophic factors normally emanating from 
their targets or the glial cells present along the axons (Varson and Adler, 1981). An 
intravitreal peripheral nerve graft has been showed to be able to stimulate damaged 
RGC axons to cross the optic nerve crush site (Berry et a l , 1996; Zeng et al., 1998). 
Furthermore, intravitreal injection of sciatic nerve exudate elicited growth of 
axon-like processes from the axotomized RGCs (Cho et al , 1996). These findings, in 
which the peripheral nerve grafts served as sources of exogenous neurotrophic factors, 
favored the theory that the inability of CNS regeneration can be due to a lack of 
neurotrophic supply. These exactly agree with the classical dogma of Ramon y Cajal 
since 1928 who ascribed the failure of injured central axons to regenerate to the lack 
of those trophic factors present in the CNS. 
1.1.3 The CNS inhibitory environment 
Microglia, oligodendrocyte precursors, oligodendrocytes and astrocytes are 
found in damaged CNS. Following injury, microglial cells become activated in cell 
division whereas oligodendrocyte precursors may divide to form new 
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oligodendrocytes. Astrocytes in response to trauma will increase in size and 
complexity of processes. A portion of oligodendrocytes die at the lesion but some 
remain survive; therefore the damaged CNS contains some oligodendrocytes and their 
myelin debris. 
These four types of cells make up the glial scar. They also produce molecules 
shown to be inhibitory to axonal regeneration (for review see Fawcett and Asher, 
1999). To give a brief summary of the inhibitory activities of these cells, microglia, 
the first cells invading the injury, were discussed. Activated microglia are known to 
produce free radicals, nitric oxide and arachidonic acid derivatives (Auger and Ross, 
1992). They also actively phagocytose injured neurons. Conversely, cultured 
microglia have been demonstrated to exert neuroprotective effects if contacted with 
neuronal cells (Zietlow et al., 1999). Oligodendrocyte precursors produce growth 
inhibitors such as proteoglycan NG2 (Dou and Levine, 1994)，DSD-1/ phosphacan 
(Garwood et al., 1999) and neurocan (Friedlander et al.，1994). Oligodendrocytes and 
the myelin they produced have been demonstrated to suppress neurite growth 
(Bandtlow et al.，1990; Caroni et al., 1988; Schwab and Caroni, 1988). The 
inhibitory molecules Nogo/ NI250 (for review see Goldberg and Barres, 2000), 
myelin-associated glycoprotein (McKerracher et al., 1994; Mukhopadhyay et al, 
1994) and tenascin-R (Xiao et al.，1998) are expressed on oligodendrocytes and 
4 
myelin. The inhibitory activities of astrocytes are complicated. Activated by CNS 
injury, astrocytes become hypertrophic and their tightly packed interwoven processes 
create a physical barrier at the glial scar, hindering regenerating axons from growing 
across the lesion (Brecknell and Fawcett, 1996). The inhibitory proteoglycans 
expressed on astrocytes such as brevican (Yamada et al.，1997)，chondroitin sulphate 
(Rudge and Silver，1990; Zuo et al., 1998), neurocan and tenascin also prevent 
axonal regeneration. The interplay between these glial cells and their extracellular 
matrix (ECM) molecules is believed to be responsible for the regeneration failure. 
1. 2 Strategies to induce CNS regeneration 
1.2.1 Protection of injured neurons from death 
Lesion to the ON causes death of RGCs (Koliatsos and Price, 1996; Yip and 
So, 2000). To achieve axonal regeneration after injury, neuronal survival is a 
prerequisite. There are many different measures to reduce cell death after axotomy, 
including: 
Exogenous administration of neurotrophic factors 
A large variety of neurotrophic factors have been demonstrated, when applied 
intravitreally, intraocularly, at the end of the ON, or at the superior colliculus, can 
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enhance the survival of adult rodent RGCs during the early posttrauma stage. These 
factors include acidic and basic fibroblast growth factors (aFGF: Cuevas et al.，1998; 
Sievers et al., 1987 and bFGF: Sievers et al , 1987; Unoki and La Vail, 1994), 
brain-derived neurotrophic factor (BDNF) (Mansour-Robaey et al , 1994; Mey and 
Thanos, 1993; Peinado-Ramon et al., 1996; Unoki and LaVail, 1994)，ciliary 
neurotrophic factor (CNTF) (Mey and Thanos, 1993; Unoki and LaVail, 1994)， 
glial-derived neurotrophic factor (GDNF) (Koeberle and Ball, 1998; Yan et al.，1999), 
nerve growth factor (NGF) (Carmignoto et al., 1989), and neurotrophin-4/5 (N -4/5) 
(Peinado-Ramon et al , 1996), 
Transplantation of neurotrophic grafts 
Peripheral nerve (PN) segments, when grafted into the retina (Turner et al.， 
1987) or to the ON (Villegas-Perez et a l , 1988) of adult rats, promoted the survival of 
injured RGCs. It was also found that an infliction with a precrush on the PN graft 
could further enhance its survival-supporting effects on RGCs (Bahr et al.，1992). 
Implantation of fetal thalamus and tectum to the proximal stump of transected ON in 
adult rat promoted RGC viability (Sievers et al., 1989). Intraocular implantation of 
purified Schwann cells (Maffei et al.，1990) and fibroblasts (Yip et al.，1997) also 
improved the survival of rat RGCs after axotomy. It was speculated that the above 
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enhancement of RGC survival was contributed to the neurotrophic factors present in 
the grafts. 
Utilization of neuroprotective substances 
There was evidence showing the protection of axotomized RGCs by 
antioxidants N"浏-butyl-a-phenylnitrone, N-acetyl cysteine (Castagne and Clarke， 
1996) and salicylic acid (Castagne et aL, 1999) as well as free radical scavengers 
N-?erf-butyl-(2-sulfophenyl)-nitrone (Klocker et al., 1998). In addition, reduction of 
microglia in the lesion by macrophage inhibitory factor (Thanos et al , 1993); 
suppression of nitric oxide synthase by N-co-nitro-L-arginine methylester (Klocker et 
al.，1998) and aminoguanidine (Neufeld et al., 1999); and neutralization of hydrogen 
peroxide action by the pigment epithelium-derived factor (Cao et al., 1999) have been 
demonstrated to protect RGCs from death. 
Intervention into apoptotic pathways 
Insulin-like growth factor-I (IGF-I) has been reported to reduce axotomized 
RGC loss by inhibiting caspases (Kermer et al.，2000). Overexpression of the 
proto-oncogene hcl-1 effectively decreased apoptotic cell death of lesioned RGCs 
(Bonfanti et aL，1996; Cenni et al.，1996). 
7 
1.2.2 Two main strategies to promote axonal regeneration 
Having saved the injured neurons, the next step of CNS regeneration courses 
is to induce their axonal regrowth, and that is the ultimate goal of the present study. 
To be concentrated on the promotion of RGC regeneration, the followings will 
concern primary with RGCs. 
There are two major strategies to stimulate RGC axonal regeneration. The first 
aims to overcome the nonpermissive extrinsic environment of the CNS and the 
second focuses on up-regulating the intrinsic growth potential of RGCs. 
1.2.2.1 Measures to overcome the unfavorable extrinsic CNS environment 
The approaches to alter CNS extrinsic milieu can be grouped under two major 
themes: (I) the replacement of the hostile CNS environment with a more favorable 
growth-supporting one; (II) the modulation of the CNS environment to make it more 
receptive to axonal growth. 
The theme (I) approaches are currently performed by transplantation. RGC 
axons have been shown to regenerate along a PN segment grafted to the proximal 
stump of the ON (Berry et al., 1986; Poltis and Spencer, 1986; So and Aguayo, 1985). 
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In adult hamsters and rats, they even formed synaptic specializations in the superior 
colliculus where the PN graft was inserted (Carter et al.，1989; Carter et al.，1994; 
Vidal-Sanz et a l , 1987). Intravitreal transplantation of a PN graft produced a positive 
effect on extending damaged RG€ axons across the ON crush sites as well (Berry et 
al.，1996; Zeng et al.，1998). Transplantation of isolated Schwann cells (Li et al.，1998; 
Negishi et a l , 2001) also enhanced regeneration of optic fibers in rats. 
Strategies concerning the theme (11) can be accomplished by neutralization or 
degradation of factors inhibitory to regeneration, such as blocking the CNS 
myelin-associated inhibitors with the monoclonal antibody IN-1 raised against them 
(Carom and Schwab, 1988; Schnell and Schwab，1990; Weibel et al.，1994)，or 
degradation of chondroitin sulphate proteoglycans (CSPGs) with chondroitinase ABC 
(Bradbury EJ et al., 2002; Moon et al , 2001; Zuo et al., 1998). Elimination of 
oligodendrocytes and myelin in ON of immature rats using X-irradiation leaded to an 
extensive axonal regrowth (Weibel et al.，1994). 
1.2.2,2 Up-regulation of the intrinsic growth potential of axotomized RGCs 
The notable effects of neurotrophic factors to rescue dying neurons after 
injury have intrigued their use in fostering the axonal regrowth potential of RGCs. 
Many different well known neurotrophic factors have been tested for their ability to 
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stimulate RGC neurite outgrowth in culture and in vivo and some give encouraging 
results. Neurotrophic factors that promote regrowth in adult rodents include BDNF 
(Mansour-Robaey et al., 1994; Sawai et al.’ 1996; Thanos et al., 1989), bFGF (Bahr et 
al , 1989), CNTF (Cm et al , 1999; So et al., 1999), and NT-4/5 (Cohen et al., 1994; 
Sawai et al., 1996). Among these，the effect of CDNF was the most prominent as it 
promoted long-distance regeneration of axotomized RGC axons (Cm et al.’ 1999), 
which even regrew across the crush site into the distal stump of the ON (So et al , 
1999). 
Another up-regulating approach is to boost up the expression of anti-apoptotic 
and growth-associated genes. Besides promoting neuronal survival, overexpression of 
bcl-1 gene was found to promote axonal growth. It was reported that the retinal axons 
in hcl-2 transgenic mice extended across the lesion site and innervated the tectum 
caudal to the ON cut (Chen et al., 1997). A conflicting result was obtained by Chierzi 
et al. (1999) in which the regenerating fibers failed to past the ON crush site in 
Z?c/-2-overexpressing mice. This contradiction might be due to the use of different 
aged animals. Overexpression of the growth-associated protein GAP-43 in transgenic 
mice also facilitated the process outgrowth of hippocampal neurons (Aigner et al.’ 
1995) and Purkinje cells (Gianola and Rossi，2004), although the effect on RGCs has 
not been determined yet. 
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If return to the big field of the CNS, the above strategies, even though meet 
with varying degrees of success in enhancing RGC axonal regeneration, nevertheless 
can be applied to different CNS neurons because of possible heterogenous responses 
of neurons to injury in diverse regions of the CNS. Different types of neurons will 
have different trophic requirements and not all of them can be satisfied by grafts of 
PN or the peripheral glia. The graft viability and immune stability in the recipient 
body also deserve attention. Inactivation of glial cells and their inhibitory molecules 
are fraught with problems like the fast re-population of the lesion site by neighboring 
glial cells after the initial elimination (Moon et al., 2000) and the difficulties of 
suppressing multiple inhibitors (Fawcett and Asher, 1999). Although it possesses 
intriguing feasibility, the gene therapy in regeneration has not yet been evaluated. It 
will therefore be useful to identify new measures which can circumvent some of these 
shortcomings and to see whether they can be integrated into a unified framework to 
boost the extent of regeneration. 
1.3 The use of retina and ON to study CNS regeneration 
The retina and the ON are parts of the CNS. During embryo development, 
retina is formed by an outgrowth from the diencephalons. That is the optic vesicle, 
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which subsequently invaginates to form the optic cup. The inner layer of the optic cup 
gives rise to the retinal neurons (photoreceptors, bipolar cells and RGCs). Axons of 
RGC contribute to the ON and are myelinated after passing through the lamina 
cribrosa. The ON contains neuroglial cells of central type: microglia, astrocytes and 
oligodendrocytes. Having these distinctive features of the CNS，the neural retina and 
the ON have long served as a model system to investigate axon regeneration 
following CNS injury. 
Being beneficial to in vivo studies, the ON is easily accessed and manipulated 
by crushing, transecting and grafting. The vitreous of eye also provides a large space 
for manipulation of the micro-enviromnent of the retina, for example by intravitreal 
transplantation. For in vitro investigations, the retina can be easily demarcated 
anatomically from other eye tissues with low cellular damage. The thin retina, 
normally nurtured by diffusion from capillary networks on either surface, enables 
effective nutrient supply and gas exchanges in various culture systems. 
1.4 Organization of the neural retina and the visual pathway 
On the basis of the light microscopic discovery, the retina is divided into ten 
layers. These are, from outside inward, as follows: 
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1. the pigment epithelium 
2. the photoreceptor layer 
3. the external limiting membrane 
4. the outer nuclear layer 
5. the outer plexiform layer 
6. the inner nuclear layer 
7. the inner plexiform layer 
8. the ganglion cell layer 
9. the nerve fiber layer 
10. the inner limiting membrane 
The retina contains five groups of neurons: photoreceptors, bipolar neurons, 
RGCs (arranged in series in the retina), and horizontal cells plus amacrine cells 
(arranged transversely). The glial cells found in different layers of the retina include 
astrocytes, microglia and Miiller cells. 
The RGC axons take the major part of the visual pathway, which extend 
through the ON, the optic chiasm and the optic tract. The optic tract winds around the 
midbrain to get to the lateral geniculate nucleus of the thalamus and to the superior 
colliculi and the pretectal area of the midbrain. 
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1.5 Responses of RGCs to axotomy 
Upon damaging the RGC axons, the neurons undergo a series of reactions 
ranging from chromatolysis to cell death (Yip and So，2000). About 50% to 90% of 
RGCs may lose following an ON injury, depending on the type and site of injury as 
well as the age and species of the victim (Heiduschka and Thanos, 2000). The 
axotomized RGCs may die by means of apoptosis (Berkelaar et al., 1994; 
Garcia-Valenzuela et al , 1994) and necrosis (Yip and So, 2000), These two types of 
RGC death have been found to follow a different time course after a partial ON injury 
(Bien et al., 1999). 
In adult rodents, the amount and the onset of RGC loss depend on the site of 
axotomy such that the loss decreases with increasing distance of the lesion from the 
eye. An intracranial lesion of ON caused a smaller amount of cell death compared to 
an intraorbital one (Villegas-Perez et al.，1993). When the optic fibers were transected 
at the level of brachium of the superior colliculus, fewer RGCs died than they were 
lesioned intracranially (Chau et al., 1997). Furthermore, RGC death would start 
earlier if the ON was transected or crushed intraorbitally than that intracranially 
(Berkelaar et al , 1994; Villegas-Perez et al , 1993). While in intracranial ON injuries, 
a cut lesion caused a more serious RGC loss than a crush did (Berkelaar et a l , 1994). 
Using intraorbital ON injury in adult rats as an example to illustrate the 
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relationship between the extend of RGC loss and time course posttrauma, the changes 
in RGC number were small during the first 5 days following axotomy (Berkelaar et 
al., 1994; Misantone et al , 1984; Villegas-Perez et al.，1993). Abrupt drop m 
surviving RGC number occurred between 7 and 10 days postaxotomy and this fell to 
less than 10% at the end of 2 weeks (Berkelaar et al.，1994; Villegas-Perez et al , 
1993). Only about 5-10% of RGCs persisted 12-15 months after the lesions 
(Villegas-Perez et al., 1993). However, it is known that virtually most RGCs survive 
axotomy for several days, approximately 5 days and 8 days for intraorbital and 
intracranial lesions respectively (Berkelaar et al.，1994). The first week after axotomy 
is crucial for regeneration because RGCs were shown to have the highest regenerative 
capability during this period (Takano and Hone, 1994; Thanos and Vanselow, 1989). 
Therefore any approach to induce RGC regeneration should be taken within this 
interval in order to have a greater chance of successive regrowth. 
1.6 Introduction to Sertoli cells 
Sertoli cells (SCs) are the major epithelial cells of the seminiferous tubules in 
testis. Adjacent SCs have their surfaces in contact over large areas, forming a 
continuous layer of cells along the length of the seminiferous epithelium (Filippini et 
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al , 2001). The cells are linked to each other at their basal regions by tight junctions. 
In testis, SCs play important roles in providing the germinal cells an 
appropriate environment for growth, development and survival The blood-testis 
barrier formed by means of SC intercellular tight junctions and the 
immunosuppressive factors secreted by SCs protect germ cells from immune response. 
SCs also produce transport proteins, regulatory proteins and trophic factors (Selawry 
and Cameron, 1993; Sanberg et al.，1996) that support germ cell survival These 
merits attract scientists investigating SC activities in cell transplantation. The first 
finding was obtained by Selawry et al. (1985) in which the diabetic rats had islet 
allograft survival prolonged and normoglycemia restored after co-transplanting SCs 
with islets. This breakthrough revealed the potential of SCs to have therapeutic 
contribution to human via transplantation. Studies are in progress to determine SC 
ability to ameliorate neuronal transplantation in the treatment of CNS disorders, as 
well as the efficacy of SCs themselves in treating these diseases. 
1.6.1 Trophic activities demonstrated by SCs 
SCs have been shown to have trophic effects both in vitro and in vivo. There 
were several in vitro tests of culturing human teratocarcinoma cell line (hNT) neurons 
or ventral mesencephalon (VM) neurons with SCs (Cameron et al.，1997; Othberg et 
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al., 1998) or SC pre-conditioned medium (Cameron et al., 1997; Sanberg et al., 
1997a). All these illustrated the trophic effects of SCs on the cocultured cells in terms 
of enhanced viability, soma size and neuritic outgrowth. In an in vivo study of 
transplanting rat SCs into hemiparkinsonian rat striatum, there were increases in the 
number and length of the host-derived tyrosine hydroxylase-positive fibers around the 
grafted SCs (Sanberg et al , 1997a). When rat SCs were cotransplanted with VM 
(Willing et a l , 1999a) or hNT (Willing et al , 1999b) cells into hemiparkinsonian rat 
striatum, enhanced graft survival, size and cell numbers were reported. These findings 
demonstrated that SCs also possess trophic activities on the grafted tissues or 
co-transplanted cells. 
The trophic effects of SCs on dopaminergic neurons have been utilized to 
investigate the treatment of Parkinson's disease. Allograft SCs were transplanted into 
the striatum of 6-hydroxydopamine-induced hemiparkinsonian rats. Functional 
recovery as displayed by reductions in apomorphine-induced rotational behavior and 
asymmetrical elevated body swing behavior was found in SCs grafted animals 1 to 3 
months posttransplantation (Sanberg et al.，1997a; Borlongan et al., 1997; Liu et al.， 
1999). These results suggested the feasibility of using SCs as an alternative graft 
source for curing Parkinson's disease and other neurological disorders. 
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1.6.2 Trophic factors secreted by SCs and their effects on CNS neurons 
SCs were known to secrete bFGF (Han et al , 1993; Skinner, 1993)，epidermal 
growth factor (EGF) (Skinner, 1993), IGF-I (Chatelain et al., 1987; Skinner, 1993), 
interleukins l a (IL4a) (Skinner, 1993) and 6 (IL-6) (Cudicini et al , 1997; Riccioli et 
a l , 1995), NGF (Cupp et al.，2000), neurotrophin-3 (NT-3) (Cupp et al.，2000; Cupp 
et al.，2002), platelet-derived growth factor (PDGF) (Loveland., 1995)，transforming 
growth factors a (TGF-a) (Skinner et a l , 1989; Skinner, 1993) and p (TGF-P) 
(Mullaney and Skinner, 1993; Skinner, 1993). Most of these factors exert trophic 
actions on mesencephalic dopaminergic neurons as revealed by promoted neuron 
development, survival and neurite growth in various in vitro and in vivo tests (bFGF: 
Ferrari et a l , 1989; Kniisel et a l , 1990; Mayer et al., 1993; Steinbusch et al., 1990; 
EGF: Kniisel et al., 1990; IGF-I: Kniisel et al., 1990; IL-la; Ling et al., 1998; von 
Coelln et al., 1995; IL-6: von Coelln et al , 1995; PDGF: Giacobini et al.，1993; 
Othberg et al., 1995; TGF-a: Alexi and Hefti, 1993; TGF-p: Krieglstein et al., 1995). 
Both bFGF and NGF showed positive effects on the survival and neurite elongation 
of the cortical neurons in rat brain in vitro (Morrison et al.，1986; Morrison et al, 
1987). In addition，several SC-secreted trophic factors have been shown to be 
neuroprotective to some CNS neurons. bFGF and IGF-I have also been found to 
decrease apoptotic rate in cultured as well as transplanted dopaminergic neurons 
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(Zawada et al., 1998). IL-6 and TGF-p also protect dopaminergic neurons from MPP+ 
neurotoxicity in cultures (Akaneya et al.，1995; Krieglstein et aL, 1995). 
Some of the SC trophic factors were shown to have benifical effects on retinal 
neurons. 
bFGF 
bFGF improved the survival of retinal neurons in tissue culture (Hicks et aL, 
1991). It also stimulated neurite extension from adult rat RGCs in vitro (Bahr et al., 
1989). When bFGF was applied on the ON severed sites of adult rats in Sievers et al. 
(1987)，s study, the axotomized RGC survival was tripled. Another in vivo experiment 
showed that bFGF transiently protected rat retina from pressure-induced ischemic 
injury when given 2 days preischemia (Unoki and La Vail, 1994). 
EGF 
EGF was demonstrated to be neuroprotective. Pretreatment with EGF greatly 
decreased the excitatory amino acid-induced death of cultured rat retinal neurons 
(Heidinger et al.，1997). 
IGF-I 
An in vivo study by Kermer et al. (2000) discovered that IGF-I mediated 
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neuroprotection on axotomized RGCs via phosphatidylinositol 3-kinase-dependent 
protein kinase B (Akt) phosphorylation and by reduction of caspase-3 activity. 
NGF 
NGF enhanced survival and neurite outgrowth of cultured chick embryonic 
RGCs (Lehwalder et al.，1989). In two similar in vivo studies, intraocular injections of 
NGF increased survival and reduced apoptosis of axotomized adult and neonatal rat 
RGCs respectively (Carmignoto et al., 1989; Rabacci et a l , 1994). This growth factor 
also enhanced functional recovery of cat RGCs after ischemia as revealed by reduced 
contrast reversing grating response amplitudes and the normalized visual acuity and 
contrast thresholds after NGF treatment (Siliprandi et al., 1993). 
NT-3 
NT-3 supported the survival of differentiated chick RGCs in a short 
developmental period in vitro (de la Rosa et al., 1994). 
1.6.3 Immune-privileged properties demonstrated by SCs 
Attributed to the presence of the blood-brain barrier, the CNS has been 
considered an immunologically privileged site within the body. However, upon 
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transplantation, the blood-brain barrier would be disrupted. The graft major 
histocompatibility complex (MHC) antigens can be recognized by the recipient 
immune system，triggering a systemic immune response and infiltration of 
lymphocytes into the graft. In order to promote CNS regeneration by transplantation, 
the graft chosen should be immunologically accepted by the CNS，causing minimal 
rejection as possible. SCs have been shown to possess this prerequisite by different m 
vivo experiment. 
It was first discovered by Selawry and Cameron (1993) that SCs might 
provide localized immunosuppression at the graft site when islet allografts were 
cotransplanted with isolated SCs to a rat kidney. When rat SCs were cotransplanted 
with bovine adrenal chromaffin cells into the striatum, fewer microglia were found 
around the transplantation site in comparison to the control striatum transplanted with 
adrenal chromaffin cells alone (Sanberg et al.，1996). Similar results were obtained by 
Willing et al. (1999b)'s study in which human hNT neurons were cotransplanted with 
rat SCs into the hemiparkinsonian rat striatum. Besides, SCs, when transplanted alone, 
can exhibit long term survival in rat striatum. Both allograft (rat) and xenograft 
(porcine) SCs were found to survive for at least two months posttransplantation in the 
absence of exogenous immunosuppressive drugs (Saporta et al , 1997). In a similar 
experiment earned out by Sanberg et al. (1996), SCs were shown to re-aggregate and 
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establish their specialized Sertoli-Sertoli cell tight junctional complex in the rat 
striatum at two months posttransplantation. 
1.6.4 Rationale for SC immune-privileged properties 
Several mechanisms may account for SCs' characteristics of providing the 
germ cells as well as the cografting cells immune protection. As mentioned above，the 
Sertoli-Sertoli cell tight junctional configuration between neighboring SCs (Dym and 
Fawcett, 1970) create an immunological barrier around most germ cells and the grafts, 
in case of transplantation. This barrier can cloak germ ceils or the grafts from immime 
surveillance and antibody access (Willing et al., 1998). SCs do not express MHC I 
and MHC II antigens (Pollanen and Maddocks, 1988; Pollanen and Niemi, 1987) and 
thus are unable to present processed antigens to the immune system. In this way，the 
grafts and the germinal cells in testis enclosed by the cells can be undetected 
immunologically. Another mechanism is that SCs produce iminimosuppressive 
factors. SCs haven been found to produce certain proteins that suppress lymphocyte 
proliferation (Wyatt et al , 1988). The cells also secrete paracrine factor(s) that inhibit 
IL-2 formation and T lymphocyte responsiveness to IL-2 (Filippini et al•，2001; 
Selawry et al,，1991). Clonal expansion and the viability of activated T cells are 
therefore suppressed. SCs also produce Fas ligand (FasL) (Bellgrau et al.’ 1995; 
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Sanberg et a l , 1997b) which bind CD95 (Fas) on the graft antigen-stimulated T cells， 
causing lymphocyte apoptosis and subsequently the down-regulation of the immune 
system (Griffith et aL, 1995; Owen-Schaub et al., 1992; Shigekazu and Pierre, 1995). 
1.6.5 The cell surface components of SCs 
SCs have been shown to produce six main cell surface molecules: collagen IV, 
fibronectin, heparan sulfate proteoglycan (HSPG), laminin, N-cadherin and neural 
cell adhesion molecule (NCAM). The evidence of their occurrences in SCs was 
elucidated below. 
Collagen IV 
Type IV collagen was positively detected in neonatal rat SC monoculture by 
immunocytochemicai localization (Borland et al , 1986; Davis et aL, 1990; 
Richardson et al., 1995; Skinner et al., 1985) as well as Western blot (Borland et al.， 
1986; Davis et aL，1990) and Northern blot (Richardson et al , 1995). It was also 
found in SC culture medium by competitive enzyme-linked immiinoabsorbent assay 
(Skinner et al., 1985). 
Fibronectin 
The presence of fibronectin in SCs is controversial. Several investigations 
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found that SCs did not produce fibronectin (Davis et al., 1990; Richardson et al , 1995; 
Skinner et al., 1985). However, Borland et al. (1986) demonstrated the presence of 
fibronectin in SCs by various assays such as immimocytochemistry, co-migration 
with standard fibronectin on electrophoresis, and Western blot. In the same study, 
fibronectin was further identified by colloidal gold immunostaining examined by an 
electron microscope. 
HSPG 
The SC monoculture has been found, by immimocytochemistry and Northern 
blot (Borland et al., 1986; Richardson et al., 1995), to be able to synthesize HSPG In 
addition, different intracellular and integral membrane forms of HSPG were identified 
in immature SCs in vitro (Bmcato et al., 2001). 
Laminin 
Immunocytochemical localization revealed the expression of laminin by rat 
SC cultures (Borland et al., 1986; Davis et al.，1990; Lustig et al” 1998; Richardson 
et al., 1995; Skinner et al , 1985). Western blot (Borland et al.，1986; Davis et al., 




N-cadherin was detected on rat SC surface and in the cytoplasm 
immimohistochemically (Lustig et al.，1998). It was also found in the TM4 mouse SC 
line (Sandig et al., 1997) as well as SCs in neonatal mouse testis sections 
(MacCalman et al , 1993). 
NCAM 
Similar to N-cadherin, NCAM was found in rat SC cultures using 
immunofluorescence staining methods (Lustig et al , 1998; Orth and Jester, 1995). 
TM4 mouse SC line also expressed NCAM examined by immunofluorescence 
staining and laser scanning confocal microscopy (Sandig et al., 1997). 
1.6.6 The relationship between SC surface molecules and neuronal 
regeneration 
The regeneration failure of injured adult CNS neurons can be ascribed to their 
extracellular environment. If provided with a favorable environment, neuronal 
regeneration can be advanced. It was suggested that the growth of neurites could be 
regulated by substrate-bound cues (Bixby and Zhang, 1990; Davis et al, 1985). The 
interactions between neurons and the substrata on which they grow play important 
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roles in regulating regeneration. Cell-substratum interactions can affect cell survival, 
morphology (Akers et al., 1981), movement (Rogers et aL，1983), and functional 
connection development (Cremer et aL, 1997) in the nervous system. Therefore cell 
surface molecules, which mediate the cell substratum interactions, are influential to 
neurite growth. The cell surface molecules of SCs may exert effects on CNS 
regeneration, which are going to be elucidated below. 
Collagen IV 
The CNS lesion scar is thought to impede axonal growth across a lesion site. 
The participation of Collagen IV in the lesion scar-induced basal membrane may 
implicate its inhibitory effect on axonal growth. Reduction of basal membrane 
synthesis was shown to permit massive axonal growth across the lesion site of adult 
rat postcommissural fornix and subsequent reinnervation to the mammillary body 
(Stichel et al., 1999). Contradictory to this finding, a successful blockage of Collagen 
IV deposition in a mature spinal cord lesion site was insufficient to stimulate axonal 
regeneration (Weidner et al , 1999). Besides, it was demonstrated that deposits of 
Collagen IV after injury of adult rat spinal cord did not prevent regrowing axons from 
penetrating the lesion site, since Collagen IV and the penetrating axons were 
colocalized in the lesion (Joosten et aL, 2000). A recent study of rat corticospinal tract 
lesions by Iseda et al. (2003) has concluded that Collagen IV deposition in the lesion 
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was not the cause but the effect of regeneration failure. The unsuccessful CNS 
regeneration after injury may be contributed to other inhibitory molecules present in 
the lesion. 
There are several studies illustrating the permissive effect of Collagen IV on 
PNS regeneration. Collagen IV significantly increased the percentage of 
neurite-bearing neurons and individual neurite lengths of cultured embryonic chick 
dorsal root ganglion neurons (Carbonetto et al , 1983). The glycoprotein also 
promoted process outgrowth of embryonic rat sympathetic neurons via raising the 
percentages of neurons with neurites，number of neurites extended, and the total 
neuritic length (Lein et al., 1991). Collagen IV promoted neurite outgrowth of adult 
PNS neurons as well. Neurites regenerated in mouse PN-dorsal root ganglion 
preparation in the presence of Collagen IV were significantly longer than that from 
the control preparation (Tonge et al., 1997). 
Fibronectin 
In PNS, fibronectin facilitates neurite outgrowth from dorsal root ganglion 
and sympathetic ganglion neurons (Rogers et al , 1983). However, fibronectin appears 
to have varying effects on CNS neuronal growth. When adsorbed to culture 
substratum, fibronectin supported rapid neurite outgrowth from embryonic chick 
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retinal neuron aggregates as long, radially oriented neurites (Akers et al., 1981), 
When more than 1% fetal calf serum (PCS) was added to the culture medium, the 
promotion by fibronectin was inhibited (Akers et al , 1981). Similar results were 
obtained by Rogers et al. (1983) that embryonic chick retinal and spinal cord neurons 
did not extend neurites on fibronectin-coated substrata in the presence of 10% FCS. 
The mechanisms utilized by fibronectin to stimulate neurite outgrowth may 
include: the increase of cell-substratum adhesion, direct interaction with the neuronal 
locomotor apparatus, and influence of cytoskeletal element organization and/or 
assembly within the growing fiber tips (Akers et al., 1981). 
HSPG 
HSPG was first suggested to be favorable for neurite outgrowth by Lander et 
al. (1982) in a study of neurite promoting activity of cultured bovine corneal 
endothelial cells on neonatal rat sympathetic neurons. The active neurite growth-
promoting factor synthesized by corneal endothelial cells was identified to be HSPG 
related (Lander et al , 1982). This finding was prompted by Nevo et al (1982，cited in 
Lander et al., 1982: 583) that the ECM of bovine corneal endothelial cells contained 
HSPG Subsequently purified HSPG was found to advance CNS neuronal growth. 
When added into culture medium or exposed to the culture dishes, HSPG resulted in a 
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3-fold increase in neurite elongation of dissociated embryonic rat spinal cord neurons 
compared to the control cultures (Hantaz-Ambroise et al.，1987). 
The results mentioned above have raised the possibility of using HSPG as a 
neurite elongation-promoting factor. It is proposed that HSPG promotes neurite 
growth by increasing adhesion between the substratum and the neuronal 
plasmalemma (Lander et al., 1982). 
Laminin 
The neurite promoting effect of laminin has been demonstrated in PNS by 
stimulated neurite growth of embryonic dorsal root ganglion neurons (Rogers et al” 
1983) and sympathetic neurons (Lein et al., 1991; Rogers et al, 1983). A significant 
increase in neurite length was also found in adult mouse PN explant in the presence 
of laminin (Tonge et al., 1997). 
Laminin is positive to CNS neuronal growth. Both dissociated chick and rat 
embryonic spinal cord neurons extended neurites on laminin (Rogers et al.，1983; 
Hantaz-Ambroise et al , 1987). Extensive neurite branching was observed in rat spinal 
cord neurons (Hantaz-Ambroise et al.，1987). Besides, laminin supported substantial 
cell survival and neurite development of embryonic chick retinal neurons (Adler et al.， 
1985). Laminin also enhanced significant neurite growth of adult mouse and rat 
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retinal neurons (Bates and Meyer, 1997; Ford-Holevinski et al , 1986). 
The above findings that laminin has positive effects on CNS neuronal growth 
in vitro raised the possibility that this glycoprotein might have similar effects in vivo. 
The success ofaxonal regeneration injured CNS, supported by PNs (Berry et al , 1996; 
Ferry, 1989)，was thought to be caused by laminin present in the graft tissues 
(Ford-Holevinski et a l , 1986). Provision of a laminin substratum may be an effective 
approach to support successive CNS regeneration in vivo. 
N-cadherin 
N-cadherin increased the percentage of neurons with neurites and the 
individual neurite lengths of embryonic chick ciliary ganglion neurons (Bixby and 
Zhang, 1990). 
In addition to the PNS, CNS neuronal growth was enhanced by N-cadherin. 
Indirect evidence was obtained when embryonic chick retinal neurons were 
cocultured on astrocyte monolayer, in which the number of neurite-bearing neurons 
and the average neurite length were significantly increased (Neugebauer et a/,, 1988). 
Addition of N-cadherin antibodies strongly inhibited such neurite outgrowth on 
astrocytes, showing the dependence of astrocytic neurite promoting activity on 
N-cadherin (Neugebauer et al.，1988). Another study using monolayers of Neuro 2a 
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or L cells transfected to express N-cadherin also cause vigorous neurite outgrowth 
from embryonic chick retinal explants (Matsimaga et al.，1988). 
It is believed that N-cadherin acts through homophiiic binding between 
N-cadherin molecules on the neurites and that on the substratum where the processes 
are growing on (Bixby and Zhang, 1990; Matsimaga et al.，1988; Neugebauer et al， 
1988). This binding promotes adhesion between the neurons and their substrata and 
hence supports neurite migration. The homophiiic binding mechanism of cadherin 
was subclass-specific since cells transfected to express E-cadherin failed to promote 
neurite growth (Matsunaga et al , 1988). The specificities of cadherin subclasses 
might be important to neurite migration. 
NCAM 
The importance of NCAM to CNS neural growth and function was 
demonstrated in various tests. Monolayers of 3T3 cells tranfected to express different 
membrane-associated NCAM isoforms increased neurite lengths of postnatal rat 
cerebellar neurons significantly (Doherty et al., 1990). Mice lacking all NCAM 
isoforms resulted in abnormal growth of the hippocampal mossy fibers (Cremer et al.， 
1997). In this study, the axonal fasciculation and pathfmding were severely affected. 
The distribution of the mossy fiber terminals was also altered (Cremer et al, 1997). 
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These changes were more vigorous in adult mice than in the young, indicating that 
NCAM was essential for the maintenance of plasticity in adult CNS (Cremer et al., 
1997). 
NCAM has been found in astrocyte cultures (Neugebauer et al.，1988). Like 
N-cadherin, the process outgrowth-promoting effect of astrocytes was shown to be at 
least in part due to their expression of NCAM (Doherty et al , 1990; Neugebauer et al, 
1988). The role of NCAM in stimulating retinal neurite outgrowth on astrocytes was 
dependent on the neuronal developmental age as embryonic day 11 neurite outgrowth 
was inhibited by a NCAM antibody while the embryonic day 7 neurons were 
unaffected (Neugebauer et al., 1988). 
NCAM also support neuronal growth in PNS. A previous study by Doherty et 
al. (1989) demonstrated that NCAM increased axonal growth and the relative level of 
immunoreactive neurofilament proteins in fetal dorsal root ganglion neurons from 
human significantly. The Schwann cell permissive effect on neurite outgrowth was 
found to be contributed to the NCAM expressed by this non-neuronal cell type 
(Doherty et al., 1990). 
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1.7 Aims of the study 
To date, apart from the demonstrated positive effects of SCs on the 
mesencephalic dopaminergic neurons in the Parkinson's disease models, the potential 
of using SCs to stimulate regeneration of CNS neurons after axotomy has not been 
explored. The present study will be the first step towards the examination of the 
interactions of SCs with RGCs in adult rodents. The objectives of this study are to 
investigate: 
i. the potential of SCs to promote RGC regeneration in adult hamster retinal explants 
cultured on monolayers of SCs derived from 9-day-old, 14-day-old, and 6 to 
8-week-old adult hamsters, as well as in the conditional medium of these cells. 
iL the specificity of the effects of SCs on RGC regeneration compared to the testicular 
capsule cells in testis; 
iii. factor(s) mediating SC effects on RGC regeneration by comparing the results of 
neurite outgrowth between the explants on variable and nonviable SCs and that 
between the explants in medium with or without SC conditioned media; and by 
comparing the expression of cell surface molecules on SCs and their association with 
retina neurites; 
iv. whether SCs can promote regeneration of adult hamster RGCs in relatively short 
period of time by incubating the dissociated retinal cells with SC conditioned media 
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for three days; 
V. whether secreted factors of SCs may have interaction with retinal glial cells by 
comparing the morphological change of glial cells in the dissociated retinal cell 
cultures incubated in media with or without SC conditioned media. 
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Chapter Two 
Materials and Methods 
2.1 Animals 
A total of 313 Syrian golden hamsters {Mesocricetus auratus) were used in 
this study in which testes were obtained from different ages of male (9-day postnatal: 
96; 14-day postnatal: 108; 6 to 8-week old adult: 5) and eyes were from 81 male and 
23 female 6 to 8-week-old hamsters. The hamsters were obtained from the Laboratory 
Animal Services Centre, CUHK. Animals were sacrificed by an overdose of 20% 
chloral hydrate given intraperitoneally. Anesthesia of animals was induced by 
intraperitoneal injection of a mixture of ketamine (200 mg/kg) and xylazine (20 
mg/kg). 
2.2 Biochemicals for culture 
The biochemicals used included: collagenase Type lA (Sigma-Aldrich C 
2674); dispase (Roche 165859); deoxyribonuclease I (Invitrogen 18047-019); 
Dulbecco's modified Eagle medium: Ham's F12 nutrient mixture (1:1, v/v) 
(Invitrogen 12400-024) containing 15 mM Hepes, 1.2 g/L sodium bicarbonate, 100 
lU/ml penicillin and 100 jig/ml streptomycin, pH 7.4 (DF); Dulbecco's modified 
Eagle medium: Ham's F12 nutrient mixture (1:1, v/v) (Invitrogen 11039-021) 
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containing 15 mM Hepes, 100 lU/ml penicillin and 100 jug/ml streptomycin but no 
phenol red, pH 7.4; fetal bovine serum (Invitrogen 26140-079) (FBS); Hank's 
balanced salt solution (Sigma-Aldrich H 2387) containing 2.383 g/L Hepes 
(Sigma-Aldrich H 9136)，0.35 g/L sodium bicarbonate, 100 lU/ml penicillin and 100 
[iglml streptomycin, pH 7.4 (HBSS); hyaluronidase (Sigma-Aldrich H 3506); N-2 
supplement (Invitrogen 17502-048) (N2); Poly-L-lysine (Sigma-Aldrich P 1274) 
(PLL); soybean trypsin inhibitor (Sigma-Aldrich T 9128) (STI); and trypsin 
(Invitrogen 27250-042). 
2.3 The study of SC effects on retinal explants 
2.3.1 Primary culture of SCs 
SCs were isolated from testes of male hamsters at different ages by sequential 
enzymatic treatments modified from Selawry and Cameron's protocol (1993). After 
sacrificing the animals, testes were excised and placed in cold DF. Inside an aseptic 
cabinet, the testes were decapsulated, chopped into smaller pieces with scissors and 
incubated for 30 min with 1 mg/ml trypsin and 120-900 U/ml deoxyribonuclease I in 
DF in a 37�C oscillating incubator shaking at 90-110 oscillations per minute 
(osc/min). In this step, the Leydig cells were lysed. The tissue was spun down at 1500 
rpm for 2 min, and the supernatant was aspirated. A second digestion for 10 min using 
0.1 mg/ml STI, 120-900 U/ml deoxyribonuclease I in 1 M glycine 12 mM EDTA/DF 
was performed at room temperature. This step ensured the elimination of any 
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remaining Leydig cells. The STI was included to prevent tryptic degradation of cell 
surface proteins. After washing in DF for three to four times by repeated 
centrifugation, the tissue was further digested for 10 min at 37�C, 90-110 osc/min 
with 0.5 mg/ml collagenase in DF. The digested tissue was gently homogenized with 
glass Pasteur pipet to disperse the cells in the enzyme solution. The cells were then 
spun down and resuspended in 1 mg/ml collagenase, 30-225 U/ml deoxyribonuclease 
I in DF for an incubation of 30 min at 37°C, 60-90 osc/min. Peritubular cells were 
removed by this treatment. The cells were washed for three times in DF and subjected 
to the final digestion with 1 mg/ml hyaluronidase, 30-225 U/ml deoxyribonuclease I 
in DF at 37�C, 90-110 osc/min for 10 min. The SC aggregates were washed four 
times and resuspended in DF. The ceil number and viability of the resultant 
single-cell suspension was determined by examination of trypan blue-treated aliquots 
on a hematocytometer. The SCs were plated at various densities for different 
purposes: 2.25 x 10^  cells per 100 mm tissue culture dish (Coming or Falcon) for 
collection of conditioned medium (CM); 2.5 x 10�cells per well in a 4-well tissue 
culture plate (Nimclon) for coculture with retinal explants; 5 x lO* cells per well for 
immimostaining to assess the culture purity. Every well was equipped with a 20 
l^g/ml PLL-coated glass coverslip so that the cells were directly seeded onto the 
coverslip. The cells were maintained at 3TC in a humidified incubator with an 
atmosphere of 5% CO2，95% O2. The flow of the SC cultures was summarized in Fig. 
2.1. 
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2.3.2 Visualization and the evaluation of SC purity 
After 24 hours in vitro, the SCs (seeding density of 5 x 10^ cells per well) 
were fixed with 4% paraformaldehyde in 0.1 M phosphate buffer, pH 7.4 for 30 min 
at room temperature. Cells were rinsed in PBS, permeabilized with 0.1% Triton 
X-IOO/PBS twice for 10 min. Non-specific protein binding sites were blocked by 
incubation with 20% heat-treated FBS in 0.1% Triton X-IOO/PBS for 30 min at room 
temperature. The cultures were then incubated at 4 � C overnight with rabbit anti-Sox9 
(H-90) antibody (Santa Cruz Biotechnology, Inc; 1:200) or sheep anti-follicle 
stimulating hormone receptor (FSHr) antibody (Biogenesis; 1:50) which marked SC 
nuclei and cell bodies respectively (Heckert and Griswold, 1991; Hemendinger et al , 
2002), both diluted in 0.1% Triton X-100/0.9 % NaCl/0.5% BSA/PBS. Cells were 
washed three times for 10 min and then incubated in appropriated secondary 
antibodies diluted in the same buffer overnight at 4�C. The secondary antibodies used 
were anti-rabbit IgG coupled with Cy3 (Jackson ImmunoResearch Labs; 1:400) and 
anti-sheep IgG conjugated to Alexa Fluor 546 (Molecular Probes; 1:1000). After 
washing with PBS followed by 0.9% saline, nuclei of cells were stained with 0.003% 
4',6-diamidino-2-phenylindole (DAPI) (Sigma-Aldrich D 9542) in 0.9% saline for 30 
min at room temperature. Preparations were washed with saline，mounted in glycerol, 
and examined by epifluorescence microscopy. Immimocytochemical control 
experiment consisted of omission of the primary antibodies. 
To assess the homogeneity of the SC cultures, micrographs of ten separate, 
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randomly selected fields were taken from the coverslips of cells under the 
fluorescence microscope (Axioplan 2; Zesis, Germany) at 400X magnification. The 
SCs in the cultures were identified by the co-localization of Sox9 (Hemendinger et al., 
2002) and DAPI in the nuclei. The percentages homogeneity of SCs in the cultures 
were calculated by dividing the number co-localized cells with the total number of 
DAPI stained cells in the preparations. 
2.3.3 Preparation of SC conditioned medium 
At 24 hours post-seeding (day 1) when the SCs reached contluency, they were 
rinsed twice with phenol red-free DF. The same medium, 10 ml per dish, was added 
to the cells for incubation for another 24 hours at 37°C. At day 2, CM was collected 
and replaced by another 10 ml/dish of fresh medium. The collection was repeated 
daily on the following three days. Therefore, CM of days 1, 3, 4，5 SC cultures were 
collected separately. The CM collected was filtered through 0.2 jum syringe filter to 
remove cell debris and stored at -20�C until concentration. 
The SC CM collected at days 2 and 3 of culture were pooled. This represented 
the CM from the early stage of SC culture. Similarly the CM from days 4 and 5 were 
pooled and represented that from the late stage culture. The CM were concentrated by 
using the Ultrafree-15 centrifugal filter device (Millipore, 10k pore-size) under 
centrifugal force of 2000 g at 4�C. The concentrated medium of each stage was 
reconstituted into 2.5X more concentrated samples with fresh DF/N2 and was 
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sterilized by passing through 0.2 |Lim filters. Additional 5X concentrated samples of 
adult CM were prepared for use in the dissociated retinal cell cultures. The CM 
samples were stored at-20°C prior to use. 
2,3.4 Primary culture of testicular capsule cells 
Testes of 14-day-old male hamsters were removed and placed in cold DF after 
euthanatized the animals. Capsolutomy was performed with the aid of a dissecting 
microscope (Carl; Zeiss, Germany) under sterile condition. After incising open the 
testis, the testicular parenchyma and the blood vessels of the tunica vasculosa were 
separated from the tunica albuginea by use of fine forceps and scissors. The 
remaining tunica albuginea thus included the epiorchium and its supporting 
submesothelial connective tissue layer. This capsule was minced into small pieces in 
DF/10% FBS and then explanted onto 35 mm tissue culture dishes (Coming) 
pre-coated with 20 jig/ml PLL. Explants from two testes were pooled into one dish. 
The minimum volume of DF/10% FBS just enough to cover all explants, 
approximately 1 ml per dish, was added to facilitate explant attachment. Having 
incubated at 37°C for one day, the medium was brought up to 2 ml and maintained for 
three to four weeks for migration of the testicular capsule cell (TC) from explants. 
Medium change was performed every three days. The confluent cell layers in each 
experiment were dispersed by 0.25% trypsin/0.03% EDTA/HBSS and then pooled. 
The viable cell number was determined by trypan blue cell exclusion method. 
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Having resuspended the capsule cells in DF/10% FBS，2.5 x 10^  cells were seeded 
onto a 20 idg/ml PLL-coated coverslip inside a 4-well plate (Nunclon) well. The ceils 
spread and reached confluent within one day in this serum containing medium. After 
that they were washed with DF for three times before coculturing with retinal 
explants. The preparation of the TC culture was summarized in Fig. 2.2. 
2.3.5 Preparation of adult retinal explants 
All of the retinal explants used in this study were isolated from 6 to 
8-week-old hamsters. Immediately following sacrifice and enucleation of the eye, the 
retina was washed in cold DF and dissected free from surrounding tissue and vitreous 
body under a dissecting microscope inside a hood. The retina was divided into four 
quadrants. Four retinal explants (1 mm�) were dissected out from the central part of 
each quadrant as illustrated in Fig. 2.3. Explants were washed, transferred into the 
4-well plate (four explants per well). All explants were oriented such that the ganglion 
cell layer contacted the substratum. They were then incubated in the 3TC incubator. 
2.3.6 Cultures of retinal explants 
Upon explantation, retinae were kept for two days in 160-180 j^ l per well of 
medium to allow explant attachment to the substrata, after which the medium volume 
was brought to about 200 jul. The explants were cultured for two weeks in DF/N2 or 
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SC CM, and followed by fixation and analysis of neurite outgrowth. The media were 
changed once every two days. 
Although different experimental culture substrata were used in the study, all of 
them consisted of the basic 20 jj.g/ml PLL-coated glass coverslips. The various types 
of culture conditions were listed below. 
The control 
The basic substratum in the study was made up of sterile 13 mm glass 
coverslips incubated with a PLL solution (20 jug per ml of autoclaved double distilled 
water) at room temperature for at least two hours. After such treatment, the coverslips 
were rinsed with double distilled water, air-dired in the culture hood and then stored 
at before use. 
The coculture of retinal explants with SCs 
Confluent monolayer cultures of SCs derived from 9-day-old, 14-day-old, and 
adult hamsters were obtained as mentioned above. Retinal explants were placed on 
top of the SCs after one day in vitro. 
The coculture of retinal explants with testicular capsule cells 
The testicular capsule cells were prepared as stated in 2.3.4. They became 
confluent after culturing for one day in DF/10% FBS. After that the cells were rinsed 
with DF extensively and cultured in this medium for another day. Retinal explants 
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were seeded at day 3. This excluded the influence of serum on the neurite outgrowth 
of the explants. 
The coculture of retinal explants with nonviable SCs 
The confluent SC cultures were rendered nonviable by freezing in liquid 
nitrogen. The coverslips of cells were held by a dry-heat treated steel rack and 
immersed in liquid nitrogen for 2 to 3 min. The coverslips were then transferred into 
new 4-well plates and washed with DF for three times. They were brought back to the 
incubator until explanting with retina the next day. 
The cultures of retinal explants in SC conditioned media 
The retinal explants were placed on the basic PLL coverslips and cultured in 
2.5X concentrated CM derived from SCs of three different ages. The CM of all age 
groups were divided into two classes according to their collection time: the early 
stage CM (collected at days 2 and 3 in vitro) and the late stage CM (collected at days 
4 and 5 in vitro). Totally six types of CM were used: the early, and the late stage CM 
from 9-day-old SCs (9D CM(E); 9D CM(L))，the early, and the late stage CM from 
14-day-old SCs (14D CM(E); 14D CM(L)), as well as the early, and the late stage 
CM from 6 to 8-week-old adult SCs (adult CM(E); adult CM(L)). The media of 
retinal explant cultures, 200 jul per well，were changed once every two days. 
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2.3.7 Visualization of retinal neurite outgrowth 
The retinal explant cultures were fixed, permeabilized, blocked, and washed 
as described in 2.3.2. To visualize neurite outgrowth, cultures were stained with 
mouse anti-neurofilament 200 kDa (NF-200) subunit monoclonal IgG antibody (clone 
N52; Chemicon International, Inc; 1:100) at 4 � C overnight. The explants were then 
incubated with anti-mouse or anti-rabbit secondary antibody conjugated with 
horseradish peroxidase (HRP) (both from Jackson ImmunoResearch Labs; 1:500) 
respectively under the same conditions. The HRP labels were developed by the 
diaminobenzidine (DAB) (Sigma-Aldrich D 5637) and glucose oxidase reaction (Shu 
et al , 1988). After DAB development, the explants were dehydrated and mounted in 
DPX (BDH Laboratory Supplies). In coculture experiment, the antisera sheep-FSHr 
(Biogenesis; 1:50) and rabbit-fibronectin (Sigma-Aldrich; 1:500) were used to mark 
SCs and the testicular capsule cells respectively. These markers were added 
simultaneously with the anti-neurofilament antibodies. Secondary antibodies against 
the cell markers were incubated together with the HRP-linked ones. 
2.3.8 Quantitation of retinal neurite outgrowth 
Under bright field microscopy, the retinal neurites were recognized by their 
dark neurofilament-DAB development, slender profiles, and presence of varicosities. 
With the aid of the software Neurolucida (MicroBrightField, Inc.) on a computer 
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connected to the microscope (Axioplan 2; Zesis, Germany)，the total number of 
neurites exiting the cut edge of an explant onto the substrate was determined. The 
length (in jiim) of the longest neurite extending from each explant was also measured. 
The mean values of these two parameters were calculated for each group of explants. 
Explants that were swollen, or did not exhibit evidence of intraretinal neurite growth 
were excluded from the study. Forty-five explants from each group were analyzed. 
Comparison of the mean neurite number or the mean length among different culture 
conditions was analyzed by using the nonparametric Mann-Whitney U test aided by 
the SPSS software. The minimum level of significant difference was defined as 尸 < 
0.05. All data were presented as the mean 土 SEM. 
2.3.9 Examination of SC surface molecules and their association with 
retinal neurite growth 
The expressions of viable SC surface molecules and the outgrowth of neurites 
from the cocultured retinae were revealed by the double-immunostaining method as 
described above. The markers of the cell surface molecules used included: mouse 
anti-collagen IV antibody (DakoCytomation; 1:40), mouse anti-CSPG monoclonal 
IgM antibody (Seikagaku Corporation; 1:200), rabbit anti-fibronectin antibody 
(Sigma-Aldrich; 1:500), mouse anti-HSPG monoclonal IgM (Seikagaku Corporation; 
1:200), rabbit anti-laminin antibody (Chemicon International, Inc; 1:400), rabbit 
anti-N-cadherin antibody (H-63; Santa Cruz Biotechnology, Inc; 1:200), and rat 
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anti-NCAM monoclonal IgG (Boehringer Mannheim Biochemica; diluted 1:20). 
Appropriate fluorescent maker-coupled secondary antibodies, anti-mouse and 
anti-rabbit Cy3 IgG antibodies (1:400); Rhodamine Red-X-conjugated anti-rat IgG 
and Rhodamine (TRITC)-conjugated anti-mouse IgM antibodies (1:200) (all from 
Jackson ImmunoResearch Labs), were added subsequently. The retinal neurites were 
again visualized by anti-neurofilament immunostaining using the anti-NF-200 
antibody or rabbit anti-neurofilament middle molecular weight (NF-M) subunit 
antibody (C-terminal; Chemicon International, Inc; 1:800) plus DAB development. 
The degree of expression of the cell surface molecules on SCs and the degree 
of association between the expressed molecules and neurites were evaluated 
semi-quantitatively by visual inspection. The degree of molecule expression was 
scored ranging between no expression, i.e. negatively stained by the antibody, (-) to 
the greatest degree of expression, i.e. the greatest staining intensity, (+++++). 
Similarly, the degree of association between the neurites and the cell surface 
molecules was scored ranging between no association (-) to the greatest degree of 
neurite-SC surface molecule co-localization (+++++). 
2.4 The study of SC effects on dissociated retinal cell cultures 
In this experiment, retinae from six 6 to 8-week-old hamsters were used for 
dissociation. 
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2.4.1 Retrograde pre-labeling of RGCs 
After deep anesthesia was attained, the ON of the animal was exposed through 
a superior intraorbital approach. Following division of the superior rectus muscle, the 
eyeball was protracted slightly outwards by sutures anchored to fascia around the 
eyeball so as to visualize the dorsal region of the ON. A cut was inflicted on the 
dorsal part of the dura using a pair of fine iris scissors at approximately 1 mm behind 
the globe to expose the ON proper which was then transected completely. Special 
care was taken not to damage the central retinal artery. A small piece of gelfoam 
soaked with the fluorescent dye diamidino yellow (DY) (2% in PBS) was apposed to 
the cut surface of the proximal stump to retrogradely label the nuclei of RGCs in the 
retina as shown in Fig. 2.4. The incised skin was sutured and the operated animals 
were returned to their cages. 
2.4.2 Primary culture of dissociated retinal cells 
Three days after DY application, the animals were sacrificed Their retinae 
were harvested for cell dissociation under aseptic environment. The dissection of 
retina was similar to that in 2.3.5. The whole retina was minced in cold DF and then 
incubated in 2 ml of 0.05% collagenase, 0.2% dispose, and 25-187.5 U/ml 
deoxyribonuclease I in DF/10% FBS for one hour in a 37�C oscillating incubator 
shaking at 100 osc/min. The pieces were gently dissociated by repeated trituration 
until a uniform cell suspension was obtained. This was mixed with 5 ml DF/10% FBS, 
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and spun down at 1800 rpm for 2 min. Having washed the cell pellet twice with 
DF/10% FBS，it was resuspended in 2 ml of the same medium. After determination of 
cell number and viability, all the cells obtained from one retina were divided into four 
equal portions. Each portion was seeded onto a 20 j^g/ml PLL-coated coverslip in 
individual wells of a 4-well plate. Cells were maintained at at 37�C, in 5% CO2, 95% 
O2. 
The dissociated cells were incubated in 200 ]i\ per well of DF/10% FBS for 
four days to allow attachment. From day 4 onwards, the medium was replaced by 
different media according to the experimental conditions. In the control set, retinal 
cells were incubated in 200 |il/well DF/N2. There were three experimental groups in 
which the dissociated cells were fed with 200 jil/well of SC CM (concentrated to 
2.5X or 5X, prepared as stated in 2.3.3). Overall the culture conditions of the 
dissociated retinal cells, started from day 4 in vitro, were listed below. 
1. the control ofDF/N2; 
2. the 2.5X early stage SC CM from 9-day-old hamsters (9D CM)； 
3. the 2.5X early stage SC CM from 14-day-old hamsters (14D CM); 
4. the 5X early stage SC CM from 6 to 8-week-old adult hamsters (adult CM); 
All the cultures were fixed at day 7 and subjected to immunostaining. The 
experimental flow of the study on dissociated retinal cell cultures was summarized in 
Fig. 2.5. 
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2.4.3 Immunocytochemistry of neurons in the dissociated retinal cell 
cultures 
The dissociated cell cultures were double-stained with rabbit NF-M 
C-terminal antiserum (Chemicon International, Inc; 1:800) and mouse anti-vimentin 
monoclonal IgG antibody (clone V9; Sigma-Aldrich; 1: 100) to identify neurons and 
non-neuronal cells respectively. The secondary antibodies used were anti-rabbit Cy3 
IgG (Jackson ImmunoResearch Labs; 1:400) and anti-mouse IgG coupled with 
AMCA (Jackson ImmunoResearch Labs; 1:200). After staining, the coverslips were 
mounted in glycerol and examined by epifluorescence microscopy. 
2.4.4 Quantification of NF-M labeled retinal neurons 
The software Neurolucida (MicroBrightField, Inc.) was used to determine the 
number of NF-M labeled retinal cells on coverslips cultured under the four conditions. 
Under the fluorescence microscope at 200X magnification, a sampling grid with an 
area of 200 x 200 pjn^ was used to scan the whole coverslip sequentially as illustrated 
in Fig. 2.6. In each culture condition, one to four coverslips of cells were randomly 
selected. All of the NF-M-positive cells on each coverslip were counted and checked 
for the coincident staining with vimentin or the DY dye. The percentages of retinal 
cells double-labeled with NF-M + vimentin, NF-M + DY，and that singly stained by 
NF-M. 
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2.4.5 Analysis of cellular morphology of NF-M labeled retinal neurons 
The outline of the cell somata and extent of neurite growth of NP-M labeled 
retinal neurons in each culture condition were traced at 400X magnification with the 
aid of the Neurolucida software, under fluorescence illumination. Three parameters: 
soma area，neurite number, and combined length of all neurites were then 
automatically analyzed by the software Stereo Investigator (MicroBrightField, Inc.) 
on the computer. 
The mean values of the three parameters within each population of 
differentially stained NP-M-positive RGCs were computed. Comparison of these 
mean values among different culture conditions was then analyzed by using the 
nonparametric Mann-Whitney U test with the level of significant difference set at 尸 < 
0.05. Results were expressed as the mean 土 SEM. 
2.4.6 Immunocytochemistry of glial cells in the dissociated retinal cell 
cultures 
In order to identify the various types of glial cells in the dissociated retinal cell 
cultures, they were immimostained by appropriate antibodies. The dissociated cell 
cultures were incubated in rabbit anti-glial fibrillary acidic protein (GFAP) antibody 
(DakoCytomation; 1:1000) and mouse anti-neurofilament 200kD (clone RT97) 
monoclonal IgG antibody (Chemicon International, Inc; 1:100) at 4 � C overnight. The 
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secondary antibodies used were anti-rabbit IgG coupled with AMCA (Jackson 
ImmimoResearch Labs; 1:200) and anti-mouse Cy3 IgG (Jackson ImmimoResearch 
Labs; 1:400). Some cultures were subjected to staining with rabbit anti-ionized 
calcium binding adaptor molecule 1 (Ibal) antibody (1:1000; a gift of Dr. Y Imai, 
National Institute of Neuroscience, Japhan), followed by anti-rabbit Cy3 IgG 
(Jackson ImmimoResearch Labs; 1:400). Stained and mounted cultures were 
examined by epifluorescence microscopy. Anti-GFAP would label astrocytes and 
Muller cells (Bjorklimd et al., 1985; Vaughan et al., 1990) in these cultures, while 
anti-Ibal has been demonstrated to be a specific marker for microglia and 
macrophages (Ito et aL, 1998; Sasaki et al., 2001). 
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Fig. 2.1 Schematic diagram showing the experimental flow of SC cultures 
The SCs were isolated from testes of 9-day, 14-day postnatal and 6 to 8-week-old 
hamsters. They were seeded at 5 x 10^  cells per well, 2.5 x 10^  cells per well, and 
2.25 X 107 cells per 100 mm tissue culture dish for assessing the culture purity, 



































































































































































































































































































Fig. 2.2 Schematic diagram showing the experimental flow of the TC culture 
Tlie primary culture ofTCs was obtained by migration of cells from 14-day postnatal 
testicular capsule explants in DF/10% FBS. After trypsination to split cells into 2.5 x 
105 cells per well, the cells were cocultured with retinal explants. This served as a 



























































































































































































































Fig. 2.3 Schematic diagram showing the basic retinal explant culture 
The 6 to 8-week-old adult hamster retina was dissected in DF and divided into four 
quadrants. Four explants (1 mm^) were dissected out from the central part of each 
quadrant, which were placed on a glass coverslip pre-coated with 20 � m l PLL in a 
4.well plate with their ganglion cell layers contacting the substratum. This formed 
the basic paradigm of the all other retinal explant cultures studied. Various culture 














































































































































Fig. 2,4 Schematic diagram showing the retrograde labeling of RGCs with DY 
The optic nerve was transected completely about 1 mm from the eyeball without 
damaging the central retinal artery. A small piece of gelfoam soaked with 2% of the 
































































































Fig. 2.5 Schematic diagram showing the experimental flow of the dissociated 
retinal cell culture 
The RGCs were retrogradely labeled with DY three days prior to retinal dissociation. 
The retinal cells were previously cultured in DF/10% FBS to assist cell attachment 
and subsequently in different serum-free media according to the experimental 























































































































































































Fig. 2.6 Schematic diagram showing the method of counting all NF-M labeled 
RGCs on a coverslip of dissociated retinal cells 
A sampling gnd of area 200x 200 jam' was used to scan the whole coverslip area 
sequentially at 200X magnification under epifluorescence microscopy. All 
NF-M-positive RGCs on each coverslip were counted with the aid of Neurolucida, 

























































































































3.1 The study of SC effects on adult retinal explants 
3.1.1 Morphology and purity of SC cultures 
The dissociated SCs of 9-day and 14-day postnatal testes spread and became 
flattened on the PLL substratum after one day in vitro. The cells in confluent 
monolayer appeared fusiform and aligned so tightly that individual cell boundaries 
could not be discerned clearly. In some cases when the SCs were not plated 
uniformly, the region with higher SC density showed some large cell clumps, made 
up of many round SCs closely packed together, on the cell monolayer whereas in the 
less dense region, the SCs were more flat and had sharp cell boundaries. The SCs 
derived from 6 to 8-week-old testis, however, had different morphology in culture. 
The majority of the adult SCs were small and round. Many of these round adult cells 
reaggregated into small clusters after one day in vitro. The round cells appeared 
phase-bright and attached firmly on the substratum and could be distinguished from 
dead cells, which floated on the culture medium and could be easily washed away 
during medium change. Some adult SCs spread and flattened as did the postnatal 
SCs but had bigger size. Although there were increasing number of the round adult 
SCs to assume a flat morphology throughout the culture period, the round cells 
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remained dominant in the culture. 
The SCs in vitro from 9-day-old, 14-day-old and 6 to 8-week-old adult testes 
were brightly stained using the anti-Sox9 (Fig. 3.1 and Fig. 3.2) and anti-FSHr (Fig. 
3.3) antibodies. The Sox9 antiserum stained the nuclei of SCs whereas the FSHr 
antibody stained the cytoplasm. The Sox9-positive nuclei in the 14-day postnatal SC 
culture were relatively larger than in the other two ages of SCs. The adult SC nuclei 
varied in size but the majority were as small as the 9-day-old SC nuclei. These small 
nuclei were presumed to be the small round cells observed in the adult SC culture. 
The spread SC somata of the postnatal SCs, labeled by FSHr antibody, were fusiform 
and had sharp boundaries. The cell bodies of the 9-day-old SCs were bigger than that 
of the 14-day-old cells. Both the round and the flattened adult SCs were 
FSHr-positive. The soma size of the round adult cells was much smaller than the 
spread, flattened ones. The flattened adult cells appeared angular and had diffuse 
cytoplasm and indistinct cell boundaries. 
By double-staining the SC cultures with Sox9 and the nuclear dye, DAPI, the 
percentage purities of the cultures were estimated. The percentage purities of SC 
cultures derived from the 9-day and 14-day postnatal, and the adult testes were 
92.5%, 91.8%, and 84.4% respectively. A large majority of DAPI-marked cells in the 
SC preparations were also FSHr-positive. Although the FSH receptor mRNA has 
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been shown to be expressed specifically in SCs (Heckert and Griswold, 1991), the 
anti-FSHr antibody was not employed in the SC purity assay because FSH recetors 
have not been proved to be expressed on SCs by systematic experiment as the Sox-9 
protein has been in Hemendinger's study in 2002. However, the anti-FSHr antibody 
was used in the SC-retinal explant cocultures since it stains SC somata that allow 
association between SCs and retinal neurites to be revealed clearly. 
3.1.2 Neurite outgrowth of retinal explants cultured on SCs 
3.1.2.1 Morphological studies on neurite outgrowth 
Outgrowth of retinal neurites was commonly observed on various ages of 
SCs seeded on PLL-coated coverslips (Fig. 3.4B, C, D). However, the PLL 
substratum alone induced limited outgrowth (Fig. 3.4A). Immimostaining of the 
regenerating neurites using NF-200 antibody, visualized by DAB development 
showed the contrast more prominently (Fig. 3.5). The entire views of retinal explants 
cultured on the PLL substratum and on various SCs were compared. The neurite 
outgrowth on SCs was much more extensive than on the PLL control, where fewer 
and shorter retinal neurites were found within the borders of explants. The 
14-day-old SCs supported the greatest neurite elongation among the three ages of 
cells. After two weeks cocultured with SCs，some retinal explants became slightly 
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shrunken, presumably as a result of cell loss. 
To study the relationship of SCs with the outgrowing retinal neurites, FSHr 
antibody was used to mark the SCs. Since there were some SCs dying during the 
culture period, the SC population became non-confluent at the end of the culture (i.e. 
15 days after seeding the cells). In these cases, the cocultured retinal neurites 
encountered irregular aggregates of SCs over which the neurites followed contorted 
pathways provided by chance to contact with the cells，demonstrating the preference 
of neurites to grow on SC colonies (Fig. 3.6). Neurites were found growing along 
cordons of SCs, ramifying on SCs but seldom fasciculate onto the bare PLL 
underlying the cells. 
3.1.2.2 Quantification of neurite outgrowth 
The SCs enhanced mean neurite number and mean longest neurite length of 
the cocultured retinal explants. For each 45 explants remained attaching on every 
kind of culture substratum, neurites were counted at the explant edges, and the one 
longest neurite from each explant was measured (see Table 3.1 and Table 3.2). The 
means of neurite numbers of explants on all age groups of SCs were significantly 
larger than on the PLL control (P < 0.01; Fig. 3.1 A). The 9-day-old, 14-day-old, 
and 6 to 8-week-old adult SCs supported averages of about 292.1 土 18.7，147.3 土 
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12.3, and 484.6 土 36.5 neurites per explant respectively. The PLL substratum 
supported the smallest mean neurite number, about 54.4 土 7.6 neurites per explant. 
The means of the longest neurite lengths of explants cocultured with all ages of SCs 
were also sharply greater than the mean in the PLL group (P < 0.01; Fig. 3.7B). The 
mean longest neurites were approximately 1848.2 土 75.1 jLim on 14-day-old SCs, 
1 3 2 0 . 9 土 5 5 . 5 |Lim on adult SCs, 9 2 9 . 5 土 4 0 . 8 jim on 9-day-old SCs, and 3 1 3 . 3 土 
28.8 \xm on the PLL substratum respectively, in descending order. These results 
indicate that SCs do have growth-promoting effects on adult retinal neurites and such 
effects are present in both young and mature SCs. 
The SCs from testes of different ages promoted retinal neurite outgrowth to 
different extents. The adult SCs induced the statistically largest mean neurite number 
per explant among the three ages of SCs (P < 0.01; Fig. 3.7A). The 14-day-old SCs 
produced the smallest mean neurite number, which was significantly smaller than the 
means in the 9-day-old and adult SC groups {P < 0.01; Fig. 3.7A). In contrast, the 
14_day-old SCs promoted the greatest mean longest neurite length, showing 
statistically significant differences among other SC groups {P < 0.01; Fig. 3.7B). The 
mean longest neurite length in the adult SC group was significantly greater than in 
the 9-day-old SC group (F < 0.01; Fig. 3.7B). The data reveal that mature SCs 
stimulated larger number of neurites emerging from retinal explants whereas the 
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14-day postnatal SCs were better in promoting neurite elongation than neurite 
number. 
3.1.3 Comparison between the explant neurite outgrowth on SCs and TCs 
There was very little outgrowth of neurites from explants cocultured with 
14.(iay-old TCs. These ceils caused severe round-up and shrinkage of the cut edges 
of most cocultured explants (Fig. 3.8A and B; Fig. 3.9A). Although the TCs were 
brightly stained with fibronectin, regenerating neurites showed little preference to 
grow on these cells as demonstrated in Fig. 3.9. In Fig. 3.9D，only one thin neurite 
was found on a large patch of TCs that showed no signs of ramification and 
fasciculation on cells. 
The TCs remarkably diminished the explant mean neurite number to about 
19.4 土 3.8 compared with the PLL control (P < 0.01; Fig. 3.10A). However in some 
occasional cases (for examples in Fig. 3.8B and Fig. 3.9B), a few TC-cocultured 
retinal explants exhibited one to two long neurites, giving a mean longest neurite 
length of 701.9 土 82.1 \xm which was greater than that on the PLL control (P < 0.01; 
Fig. 3.10B). 
When comparing the neurite outgrowth on SCs and TCs of the same age, a 
dramatic difference was observed (Fig. 3.8A-D). The mean neurite number in the SC 
69 
coculture group was about 7.6 times that of the TC group (P < 0.01; Fig. 3.10A). The 
mean longest neurite length of explants cultured on SCs was about 2.6 times that on 
the TCs {F < 0.01; Fig. 3.1 OB). Therefore SCs promote better neurite outgrowth 
from retinal explants than the TCs. 
3.1.4 Comparison between the explant neurite outgrowth on viable and 
nonviable SCs 
The nonviable SCs retained part of the neurite-promoting ability of viable 
cells. The nonviable SCs induced greater fiber outgrowth than did the PLL 
substratum (compared Fig. 3.8E and F with Fig. 3.4A; Fig. 3.11 A with Fig. 3.5A). 
The SCs reduced in size drastically following treatment in liquid nitrogen and the 
shrinkage persisted throughout the culture period, showing the irreversible 
destruction of cells. Nevertheless retinal neurites were still observed to ramify on the 
shrunk nonviable SCs (Fig. 3.11). Quantitative comparison of outgrowth of fibers 
revealed differences between the nonviable SCs and the PLL control The mean 
neurite number and the mean longest neurite length of the nonviable SC group were 
about 109.4 土 8.2 and 1007.9 士 57 |Lim respectively (both parameters had P < 0.01 
compared with the PLL; Fig. 3.12). These data indicate that the SC surface bears 
factors capable of imparting neurite-promoting effects on adult retinae. Effects of 
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diffusible factors released by SCs should be excluded by rendering the cells 
nonviable. 
The neurite-enhancing effect of viable SCs was far more potent than the 
nonviable ones, derived from the same age of animals. Although the nonviable SCs 
were permissive for retinal neurite growth, the fibers were not growing as profusely 
as on viable SCs (compare Fig. 3.8C and D with E and F). The mean neurite number 
(P < 0.05) and the mean longest neurite length {P < 0.01) were significantly greater 
on viable SCs than on the dead cells (Fig. 3.12). These imply that certain factors 
actively produced by the living SCs were important for stimulating regeneration of 
adult retinal neurites in vitro. 
3.1.5 Expression of SC surface molecules and their association with the 
outgrowing neurites 
The cocultures of retinal explants with SCs of different ages were stained 
with antibodies against seven cell surface molecules (collagen IV, CSPG, fibronectin, 
HSPQ laminin, N-cadherin and NCAM) and anti-neurofilament antibodies (NF-200 
or NF-M) to reveal the differential expression of the molecules on SC surfaces and 
whether the expressed molecule(s) would bear any relationships to the neurite 
outgrowth of cocultured explants. The degree of expression of the molecules on SCs 
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was scored ranging between no expression, i.e. staining intensity comparable to the 
negative control (omission of primary antibody)，(-) to the greatest degree of 
expression, i.e. the greatest staining intensity, (+++++). Judging from the data, since 
fibronectin was stained most brightly among the seven molecules and had a 
consistent intensity at the three ages of SCs，the staining intensity of fibronectin was 
set to be the greatest score. Molecules with a staining intensity just below fibronectin 
would score “++++”. Molecules with the intermediate and weak staining levels 
would score “+++,，and “++” respectively. Molecules stained very weakly, being 
slightly brighter than the negative control would score “+” Upon visual inspection, 
all the three ages of SCs expressed neither collagen IV nor the axonal growth 
inhibitor CSPG (Bradbury et al., 2002; Fawcett and Asher, 1999) (Fig. 3.13A and D). 
The other five molecules were expressed on all SC groups but at different intensities 
(Table 3.3). Fibronectin was the most brightly stained molecule on all ages of SCs. 
HSPG on the 9-day-old and 14-day-old SCs was stained relatively weakly，having 
the lowest score among the expressed molecules. Other molecules were expressed at 
similar levels on the cells but the 9-day-old SCs generally displayed weaker staining 
levels. 
Retinal neurites were observed to grow associated with the molecules having 
shown to be expressed on SCs (HSPG: Fig. 3.13G to I; fibronectin: Fig. 3.14A to C; 
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laminin: Fig, 3.14D to F; N-cadherin: Fig. 3.15AtoC; NCAM: Fig. 3.15D to F). The 
neurites frequently branched and extended in contact with the molecules stained 
positively on SCs. The degree of association between outgrowing neurites and the 
molecules expressed on SC surfaces was evaluated in a semiquantitative manner. 
The degree was scored ranging from no association, i.e. neurites growing without 
contacting the expressed molecules, (-) to the greatest degree of association, i.e. the 
highest frequency of neurite-SC surface molecule co-localization (+++++). In 
general the degree of association between the SC surface molecules and the 
outgrowing neurites increased with the levels of these molecule expression (Table 
3.4). The greatest association degree was found between fibronectin and neurites 
growing on all ages of SCs. N-cadherin on 14-day-old SCs associated with retinal 
neurites as good as fibronectin did. Postnatal SC NCAM had close association with 
regenerating neurites which scored “++++” HSPG and laminin on postnatal SC had 
moderate association with the neurites. The degree of association of molecules with 
neurites was generally higher in the 14-day-old SCs was compared with the 
9-day-old cells. The above findings suggest that certain cell surface molecules 
expressed on SCs can be important for their stimulatory effects on neurite 
regeneration. 
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3.1.6 Neurite outgrowth of retinal explants cultured in SC CM 
3.1.6.1 Morphological studies on neurite outgrowth 
The adult retinal explants regenerated neurites in the six types of SC CM, 
that were the early (collected at days 2 and 3 in vitro) and the late (collected at days 
4 and 5 in vitro) stage CM derived from 9-day-old, 14-day-old and 6 to 8-week-old 
adult SCs. Different growth patterns of the regenerating neurites were observed in 
SC CM, which can be categorized into four main types: (1) Numerous long straight 
neurites grew in parallel and radiated from the cut edges of explants (Fig- 3.16A and 
B). (II) Neurites ramified extensively to form fiber plexus (Fig. 3.16C and D). 
Sometimes several neighboring neurites branched simultaneously to form a giant 
neurite network covering large area of substratum. Neurites having more than third 
order of branching were commonly found. (Ill) Some neurites followed curving, 
convoluted courses to form loops of various sizes (Fig. 3.17A and B). These neurites 
sometimes turned back on themselves or back into the explants. (IV) Round growth 
cones were observed at the tips of some regenerating neurites which sometimes 
extended small filopodia (Fig. 3.17C and D). These characteristics of neurite growth 
could be found in all types of SC CM and sometimes coexist on the same explant, 
for an example the branching and the parallel growth patterns of neurites were found 
on an explant cultured in adult SC CM (Fig. 3.18E). 
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Like in the SC cocultures, retinal explants cultured in SC CM also displayed 
enhanced neurite outgrowth. More dense and lengthy growth of neurites was seen in 
SC CM compared with the control in DF/N2 (Fig. 3.18 and Fig. 3.19 versus Fig. 
3.5A), Most explants retained their original regular shapes throughout the course of 
culture. 
3.1.6.2 Quantification of neurite outgrowth 
All six types of SC CM caused statistically significant increases in mean 
neurite number and mean longest neurite length of retinal explants compared with 
the DF/N2 control {P < 0.01; Fig. 3.20 and Fig. 3.21). Having cultured in 9D CM(E)， 
9D CM(L), 14D CM(E)’ 14D CM (L), adult CM(E), and adult CM(L) for 14 days, 
the means of neurite numbers of explants increased to about 1400.4 土 78.3, 1104.8 士 
99.8, 591.4 土 62.9, 500.9 土 56.6, 1594,7 土 92.4，and 1175.3 土 86.3 respectively (see 
Table 3.1) while the mean lengths of the longest neurites extended to about 1080.8 土 
43.7 ^irn, 933.3 土 43.5 ixm, 1212 土 81 jum, 1299.5 土 99.4 jim, 1235.8 土 52.6 |im, and 
1146 土 70.8 jum respectively (see Table 3.2). The results reflect that both young and 
mature SC CM can actively stimulate neurite outgrowth from adult retinal explants. 
The SC CM derived from testes of different ages responded differently with 
the regenerating neurites. Among the three age groups of early stage CM, the mean 
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neurite number in adult CM was the largest although it was statistically 
indistinguishable with the mean value in the 9D CM (F > 0.05; Fig. 3.20A). The 
mean neurite number of explants in the 14D CM was the smallest, which was 
significantly smaller than the means in 9D CM and adult CM {P < 0.01; Fig. 3.20A). 
The adult CM also promoted the greatest mean longest neurite length among the 
three ages of SC CM. However, the means of the longest neurite lengths of explants 
in adult CM and 14D CM showed no significant difference statistically (P > 0.05; 
Fig. 3.20B). The mean longest neurite length in 9D CM was significantly smaller 
than that in adult CM (P < 0.05) but comparable to the mean in 14D CM (P > 0.05; 
Fig. 3.20B). From these findings, the adult CM is the most effective early stage CM 
in promoting neurite number and length. The 14D CM is powerful to stimulate 
elongation but not the number of retinal neurites. 
Among the three age groups of late stage CM, the mean neurite number 
ranked exactly in the same pattern as did the early stage CM (Fig. 3.21 A). The adult 
CM stimulated the largest mean neurite number though which had no significant 
difference with the mean in 9D CM (F > 0.05; Fig. 3.21A). The 14D CM mediated 
the smallest increase in mean neurite number that was considerably smaller than the 
means m 9D CM and adult CM (F < 0.01; Fig. 3.21A). However, the 14D CM 
promoted the greatest mean longest neurite length that was statistically greater than 
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the mean in 9D CM (F < 0.01) but comparable to the mean in adult CM (P > 0.05; 
Fig. 3.2IB). These findings show that the adult CM is the most ideal late stage CM 
to promote retinal neurite number and length. The 14D CM is again more effective 
in enhancing neurite elongation rather than neurite number of retinal explants. 
The potency of the SC CM neurite-stimulatory effects varied with the time 
points when the CM were collected. In comparison of the collection time points of 
CM derived from the same ages of SCs, the 9D CM (E) was found to promote better 
neurite outgrowth than did the 9D CM(L) (F < 0.05 for mean neurite number and P 
< 0.01 for mean longest neurite length; Fig. 3.22A) There was no significant 
difference (P > 0.05) in mean neurite number and mean longest neurite length 
between the early and the late stage SC CM from 14-day-old testes (Fig. 3.22B). No 
difference (P > 0.05) was found in the mean longest neurite lengths between the two 
adult CM groups. However, the adult CM(E) boosted the mean neurite number more 
effectively than did the adult CM(L) (P < 0.01; Fig. 3.22C). From these data, two 
possibilities were observed upon comparing the two stage CM neurite-stimulatoiy 
potencies. The early stage CM was either significantly more potent in stimulating 
neurite outgrowth than was the late stage CM or acted in similar effectiveness with 
the late stage CM. 
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3.2 The study of SC CM on dissociated RGCs 
3.2.1 Characterization of adult retinal neurons 
In the dissociated adult hamster retinal cell cultures, the anti-NF-M antibody 
stained the neurites and cell bodies of neurons brightly (Fig, 3.23A-C). Most of the 
NF-M-positive cells in the dissociated cell cultures regenerated neurites and hence 
they represented sprouting neurons. The anti-vimentin antibody stained cytoplasm of 
many large flat cells in the cultures as well as neurites and perikarya of a few 
neurons (Fig. 3.23D-F). Positive DY labeling was found in the nuclei of some 
cultured neurons (Fig. 3.23F). By immimocytochemical staining and retrograde 
labeling, three populations of NF-M positive retinal neurons were characterized by 
the concurrent presence or absence of vimentin or DY signals. The labeling patterns 
of the three types of neurons were: NF-M-positive but negative for both DY and 
vimentin (Fig. 3.23G); NF-M and vimentin-positive but DY-negative (Fig. 3.23H); 
NF-M and DY-positive but vimentin-negative (Fig. 3.231). Morphologies of the 
NF-M and DY-positive neurons and those labeled solely by NF-M were similar and 
had neurites generally longer than the NF-M and vimentin-positive cells. 
The proportions of the three populations of NF-M-positive neurons after 
being cultured in the different conditions were summarized in Table 3.5. A total of 
192 NF-M labeled cells cultured in the control DF/N2 were screened, and of which 
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32.3% were retrogradely marked by DY while 17.7% were stained by anti-vimentin. 
The remaining cells were not labeled by DY or anti-vimentin (50%). Of the 152 
NF-M labeled cells treated with 9D CM, 46.1% contained DY, 18.4% were positive 
for vimentin, while 35.5% showed no labeling of DY or vimentin. Of the 169 NF-M 
labeled cells treated with 14D CM，59.2% were exclusively stained by NF-M, while 
37.3% and 3.6% of cells were labeled by DY and vimentin respectively. Among 
the 272 NP-M-positive cells cultured in adult CM, 42.6%, 12.9%, and 44.5% of 
them were DY-positive, vimentin-positive, and DY and vimentin-negative 
respectively. 
The population of cells positively labeled by both NF-M and DY but not 
vimentin would distinguish them as sprouting RGCs. NF-M neurons which were 
also vimentin-positive were presumed to be horizontal cells, since it was known that 
in vivo they were the only retinal neurons which contain vimentin (Shaw and Weber, 
1983). For those NF-M neurons which did not contain DY or vimentin, they could be 
either RGCs which failed to be labeled by DY，or they could belong to other retinal 
neurons. In order to focus on the RGCs, effects of SC CM on soma area and neurite 
outgrowth of this particular population were investigated. 
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3.2.2 Morphological differences of RGCs cultured in different conditions 
Examples of NF-M and DY-positive RGCs in dissociated retinal cell cultures 
treated with SC CM derived from different ages of testes and the control medium 
DF/N2 are shown in Fig. 3.24. The RGC somata found in SC CM were generally 
bigger than in DF/N2. The 9D CM and adult CM treated RGCs seemed to have 
neurites which branched extensively. The neurite appearances of the control RGCs 
and the 14D CM treated RGCs were alike. 
Fig. 3.25 shows an example of a RGC which had sprouted long neurites after 
being incubated in 9D CM. The spherical cell body and the neurites coming out from 
it were stained intensively by anti-NF-M antibody. The nucleus was filled with 
glittery DY dye as observed under fluorescence microscopy. A single axon-like 
process extended for long distance away from the soma and branched extensively to 
form a profuse neuritic arbor. Such feature of emergence of an axon-like process was 
commonly found on other NF-M and DY-labeled RGCs. However, since there were 
variations in morphologies of RGCs in the same culture condition, results 
concerning the effects of the different culture conditions on the neurons would rely 
on quantification of certain morphological parameters and subsequent statistical 
analysis. 
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3.2.3 Quantification of RGC soma size 
Results obtained for the RGCs labeled by both NF-M and DY are presented 
in Fig. 3.26. The analysis of the mean cell body area within different conditions is 
shown in Fig. 3.26A. When these RGCs were cultured on PLL-coated coverslips in 
the presence of SC CM, significant increases in mean cell body area (173.7 土 9.8 
\xm\ 207.4 士 10.7 ^m^ and 282.1 土 12.3 jLim^  in 9D CM, 14D CM and adult CM 
respectively; Table 3.6) compared with the control in DF/N2 (133.6 ±8.4 |Lim )^ were 
observed (P < 0.01). Among the CM cultures, the DY-containing RGC soma size 
increased gradually with ages of testes used such that the mean cell body area was 
largest in RGCs treated with adult CM, which was significantly larger than the 
means in the postnatal CM groups (P < 0.01). The RGC somata were considerably 
bigger in 14D CM than in 9D CM (F < 0.05). 
Fig. 3.27 shows how the different conditions affected the distribution of the 
NF-M and DY-positive RGC soma size. Although both the RGCs in DF/N2 and 9D 
CM had maximum cell body areas below 425 jiim , more cells with larger cell body 
areas were found in 9D CM than in the control. The distribution patterns of soma 
size shifted toward the right (i.e. the side with increasing cell body area) as these 
DY-fllled RGCs were cultured in SC CM derived from older testes. There were some 
large RGCs (cell body areas > 675 appeared in the adult CM which were not 
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present in all other groups. Collectively, these data indicate that both young and 
mature SC CM increased soma sizes of sprouting RGCs and the effect become more 
obvious as more mature SC CM were used. 
3.2.4 Quantification of RGC neurite outgrowth 
To determine whether SC CM regulate neurite outgrowth in dissociated 
RGCs, the number and total length of neurites were measured per cell in the different 
culture conditions. Analysis of the mean neurite number per RGC within different 
conditions is shown in Fig. 3.26B. The 9D CM produced the greatest mean number 
of neurites per cells (2.5 土 0.2) which was significantly higher than that in DF/N2 
(1.6 土 0.2), 14D CM (1.6 土 0.2) and adult CM (1.9 土 0.1) {P < 0.01; Fig. 3.26B; 
Table 3.7). However，the addition of 14D CM and adult CM did not significantly 
modify RGC mean neurite number from that of the control {P > 0.05). Fig. 3.28 
shows the histogram of neurite number distribution among various culture conditions. 
The majority of RGCs cultured in DF/N2 had smaller neurite numbers as compared 
to the groups of 9D CM and adult CM�The 14D CM group of RGCs also possessed 
smaller neurite numbers and the maximum neurite number in this group was the 
smallest among the four conditions. Although both 9D CM and adult CM spread 
their neurite number to seven, more cells with larger numbers of neurites were found 
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in 9D CM so making the mean in 9D CM group the greatest. The results show that 
the 9D CM increased number of neurites emerging from dissociated RGCs but other 
ages of SC CM tested could not. 
The mean values of total neurite length per RGC in treatments ofDF/N2, 9D 
CM, 14D CM and adult CM were 321.8 土 64.5 jum, 517.7 土 66.4 jum, 288 土 48.9 |Lim 
and 514.7 土 56.7 jim respectively (see Table 3.8). The 9D CM and adult CM 
significantly increased the RGC total neurite length from that of the control {P < 
0.01; Fig. 3.26C) and their effects were comparable {P > 0.05). The 14D CM 
induced the smallest mean total neurite length among the CM groups {P < 0.01). The 
distribution pattern of total neurite lengths of RGCs in the different culture media is 
summarized as histogram in Fig. 3.29. The RGCs in 9D CM and adult CM spread 
over wide ranges of total neurite lengths. Some cells cultured in adult CM had total 
neurite length exceeding 3700 pm which were not found in all other tested media. 
Though there were occasionally some control RGCs exhibiting large total neurite 
lengths (ranging between 3100 and 3300 ]im), most cells had total neurite lengths 
shorter than 900 jum. The 14D CM treated RGCs had total lengths not longer than 
1900 jj,m and most of them had total lengths shorter than 500 jum. The data reveal 
that the 9D and adult CM can promote RGC neurite elongation but the 14D CM 
cannot. 
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3.2.5 Morphology of retinal glia and their relationship with RGCs in 
cultures 
GFAP-positive glial cells were found only in small numbers in the dissociated 
adult retinal cell cultures maintained in DF/N2 (compare Fig. 3.30A and B). No 
observable change was found between the numbers of GFAP-positive cells in 
cultures treated with or without SC CM. From preliminary data, 349 and 576 GFAP 
labeled cells were found on two individual coverslips in DF/PS while 430 and 412 
stained cells were found on another two coverslips in 9D CM. However, the sample 
size of these data was insufficient to perform statistical analysis. The GFAP-positive 
glial cells appeared flat, irregular and had diffuse cytoplasm in cultures with or 
without SC CM added (Fig. 3.30C and D). No definite association between RGC 
neurites and these glia was observed in both the control and CM-treated cultures (Fig. 
3.3OA) that was also true in the CM cultures. 
Ibal-positive cells were found in both the CM-treated and control retinal cell 
cultures. Preliminary data found 3408 and 4012 positive cells on two separate 
coverslips of the control culture. Whereas 2235 and 2786 Ibal labeled cells were 
found on two coverslips having treated with the 9D CM. The Iba-1 cells in these 
cultures could be classified into two main groups by size such that one group of cells 
had considerably bigger soma sizes and were more flat whereas the other group had 
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small round cell bodies (Fig. 3.31A-D). There were a larger number of large flat 
Ibal-positive cells present in the control culture. In contrast, cultures treated with 
CM exhibited a drastic decrease in the number of large flat cells and were dominated 
by the small rounded cells (compare Fig. 3.3IC and D). Many CM-treated ceJls 
exhibited numerous sharp spikes on their cell membrane surface whereas the 
Ibal-positive cells maintained in the absence of SC CM showed smooth contours on 
their cell surfaces (compare Fig. 3.3 IE and F). The results indicated that CM may 
have different effects on different retinal glial cells in vitro. 
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Fig. 3.1 I m m u n o f l u o r e s c e n c e micrographs of SCs isolated from 14-day postnatal 
testes 
The nuclei of the SCs were stained by the anti-Sox9 antibody m A. To examine the 
percentage purity of the culture, the cell nuclei were marked by D API as shown in B 
(same field as A). The degree of colocalization of these nuclear markers were 
quantified m the merged picture, C，and represented the culture purity. The negative 





















































































































































































































Fia. 3.2 I m m u n o f l u o r e s c e n c e micrographs showing the primary cultures of SCs 
of different ages, stained by the aiiti-Sox9 antibody 
A and B: 9-day-old SC culture (9D). 
C and D: 14-day-old SC culture (14D). 
E and F: 6 to 8-week-old SC culture (adult). 
The left column shows the Sox9-positive SCs while the right column shows the 
corresponding same fields of cells marked by DAPL Arrows indicate cell nuclei 
marked by DAPI but not the Sox9 antibody, representing contaminating cells in the 
SC cultures. Note the nuclei of 14D SCs were the biggest among the three ages. 
Scale bar 二 100 jjm. 
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Fia. 3.3 I m m u n o f l u o r e s c e n c e micrographs showing the primary cultures of SCs 
of different ages, stained by the anti-FSHr antibody 
A and B: 9-day-old SC culture (9D). 
C andD: 14-day-old SC culture (14D). 
E and F: 6 to 8-week-old SC culture (adult). 
The left column shows the FSHr-positive SCs while the right column shows the 
corresponding same fields of cells marked by DAPI. Arrows indicate cells marked by 
DAPI but not the anti-FSHr antibody, representing contaminating cells m the SC 
cultures. Note the different shapes of cell bodies of the three ages of SCs stained with 
FSHr. The somata of 9D SCs and 14D SCs were fusiform and angular but the 9D SC 
somata were bigger. The adult cell bodies had various sizes: some possessed large 
but diffuse cytoplasm whereas the majority had small condensed cytoplasm. Scale 
bar = 100 pm. 
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Fig. 3.3 
Fig. 3.4 Phase-contrast micrographs of retinal explants taken 14 days after 
cultured on PLL substratum or SCs of different ages 
The explant m A was cultured on a PLL-coated coverslip (PLL) that served as the 
control. Explants m B, C, and D were cocultured with 9-day-old (9D), 14-day-oW 
(14D), and 6 to 8-week-old (adult) SCs respectively. All the three ages of SCs caused 
dramatic increases in outgrowth of retinal fibers compared with the PLL. The 
phase-dark neurites (arrows) were shown to overlie the fusiform SCs (arrowheads) in 
B, C, and D. The asterisk m B marks a thick, phase-bight bundle of neurites emerged 
from an explant cocultured on 9D SCs. 
Since the retinal neuntes grew in different planes in the cultures, the entire 
three-dime腺onal shape ofaneunte could not be detected in a single focus field. The 
micrographs were taken to include the largest number of m-focus neuntes. R 











Fig. 3.5 The entire views of retinal explants cultured on PLL substratum and 
SCs of various ages 
Neuntes were visualized by NF-200-DAB staining and photographed under 
briaht-field illumination. The micrographs A, B，C, and D show the explants cultured 
on a PLL-coated coverslip (PLL), the 9-day-old (9D), 14-day-old (14D), and 6 to 
8-week-old (adult) SCs respectively. After 14 days m vitro, the explants on the PLL 
substratum only gave a few short neurites which confined within the border of the 
explant and were not observed to grow out onto the coverslip as shown, under a 
higher magnification at inset of micrograph A (arrows). The arrowheads indicate the 
putative RGC somata. In contrast, neunte outgrowth was commonly found on all age 
groups of SCs (B, C, and D). Neurites on SCs were much longer than were on PLL, 
and appeared fasciculate and branchy on the SC surfaces. The arrows in B, C, and D 
point the tips of the longest neurites emerged from the explants. The neurite extension 
was greatest m the presence of 14D SCs (C). The black dots m the pictures were 

































































































































Fig. 3.6 Micrographs showing the outgrowth of retinal neurites on various age 
SCs 
A-C: The coculture of retinal explants and 9-day-old (9D) SCs. 
D-F: The cocultare with 14-day-old (14D) SCs. 
G-I： The coculture with 6 to 8-week-old (adult) SCs 
The SCs were identified by the anti-FSHr antibody under epifluorescence in the left 
column. Neimtes were visualized by NF-200-DAB staining and photographed under 
bn曲t-field Illumination in the middle coki匪（m same fields as the corresponding 
w 
pictures in the left column). The right column displays the merged micrographs 
illustratme the close association between SCs and the regenerating processes. � 
C： Two neurites (arrows) emerged from the superior edge of the 血crograph were 
growing along patches of SCs. 
F； A bundle ofneuntes (airow) ramified followed the irregular patches of SCs. 
I: Two fascicles of neurites (arrows) branched on SC colonies and whose branches 
(arrowheads) bridged the gaps between the SC colonies. The black dots m the 

























Fig. 3.7 The comparison of means of neurite number (A) and the longest neurite 
length (B) (^ im) among retinal explants on the PLL substratum and different 
age SCs 
The neunte outgrowth of retinal explants cultured on PLL coverslips (PLL), SCs of 
9-day-old (9D SC), 14-day-old (14D SC) and 6 to 8-week-old adult (adult SC) 
hamsters were studied. Results were expressed as the mean 土 SEM {n 二 45). 
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Fig. 3.7 Comparison of means of neurite number and the longest neurite length (jim) 
among retinal explants on the PLL substratum and different age SCs 
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Fig. 3.8 Phase-contrast micrographs of retinal explants cultured on TCs，viable 
or nonviable SCs from 14-day-old hamsters 
A and B: The cocultures of two retinal explants and TCs (TC). Arrowheads in both 
pictures indicate the TC colonies. The neunte outgrowth of explants cultured on TCs 
was usually very limiting (A). To demonstrate the outgrowth exhibited on TCs, an 
explant with obvious regenerating neurites (arrows) was chosen and shown at a high 
magnification in B. However, this growth was rare in the TC coculture group. 
C and D: The coculture of a retinal explant and viable SCs (SC) viewed under 
different magnifications. The retinal fibers (arrows) grew with preference on SCs 
whose cell bodies appeared phase-dark in D (arrowheads). The neurite outgrowth on 
viable SCs was the most vigorous among these three coculture conditions shown. 
E and F: The coculture of a retinal explant and nonviable SCs (nvSC) viewed under 
different magnifications. The nonviable cells (arrowheads) supported moderate 
regeneration of neurites (arrows). Note the soma sizes of nonviable SCs were much 
smaller than that of the living SCs. 
Preparations were photographed 14 days after explantation in vitro. R denotes the 
retinal explants. Scale bar in E 二 100 jum (same for A and C). Scale bar in F = 100 




Fig. 3.9 Micrographs showing the retinal neurite outgrowth on 14-day-old TCs 
The entire view of a retinal explant cultured on the TCs was shown in A. The 
emerged neuntes were visualized by NF-200-DAB staining (arrow and arrowhead). 
The neurite pointed by the arrow was viewed at a higher magnification in B and D. 
Note the explant was severely rounded up and shrunk with scarce neiinte outgrowth. 
The TCs were bnghtly stained by anti-fibronectm antibody in C，which was the same 
field as B. Although a large patch of TCs (asterisk) was present, only a single neimte 
was found on the cells in the merged micrograph D. The other TC colony on the right 
attracted no fiber growth. The black dots in the DAB-related micrographs were 


































































































Fig. 3.10 The comparison of means of neurite number (A) and the longest 
neurite length (B) (jim) among the retinal explants on PLL control, the TCs， 
and SCs of 14-day-old hamsters 
The neunte outgrowth of retinal explants cultured on PLL (PLL) coverslips, 14-day 
postnatal TCs (14D TC), and SCs (14D SC) were studied. Results were expressed as 
the mean 士 SEM (n = 45). 
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Fig. 3.10 Comparison of means of neurite number and the longest neurite length (jim) 
among the retinal explants on PLL substratum, the TCs, and SCs of 14-day-old 
hamsters 
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Fig. 3.11 Micrographs showing the retinal neurite outgrowth on non-viable 
14-day-old SCs 
The entire view of a retinal explant cultured on the nonviable SCs was shown in A. 
The regrown neurites were visualized by OT-200-DAB staining. The neurite pointed 
by the arrow was viewed at a higher magnification in B and D. The nonviable SCs 
were stained positively by anti-FSHr antibody in C, which was the same field as B. 
The merged micrograph D shows the neunte ramified on the nonviable SCs. The 
black dots m the DAB-related micrographs were artifact. Scale bar in A= 100 i^m. 
Scale bar m D 二 100 ‘iim’ also valid m B and C. 
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Fig. 3.12 The comparison of means of neurite number (A) and the longest 
neurite length (B) (]im) among retinal explants on PLL control, the viable and 
nonviable SCs of 14-day-old hamsters 
The neunte outgrowth of retinal explants cultured on PLL coverslips (PLL), the 
liquid nitrogen-treated nonviable SCs (14D nvSC) and the viable SCs (14D SC) of 
14-day-old hamsters were studied. Results were expressed as the mean 土 SEM (n 二 
45). 
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Fig. 3.12 Comparison of means of neurite number and the longest neurite length (jim) 
among the retinal explants on PLL substratum, the viable and nonviable SCs of 
14-day-old hamsters 
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Fig. 3.13 Micrographs showing the association of neurite outgrowth with SC 
surface molecules 
The SCs cocultured with retinal explants were subjected to immimostaimng against 
collagen IV (A-C), CSPG (D-F), and HSPG (G-I) antibodies as shown. Any 
expression of the cell surface molecule(s) on SCs could be viewed under 
epifluorescence in the left column. Neurites were visualized by NF-M-DAB staining 
and photographed under bnght-field ill画ination m the middle column (in same 
fields as the corresponding pictures in the left column). The large patches of SCs 
(asterisks) were also visible in micrographs in the middle column due to the faint 
background staining of the DAB reaction. The right column displays the merged 
micrographs illustrating any association between the cell surface molecule(s) and the 
regenerating neurites. 
The SCs of the age 14-day postnatal were not stained by anti-collagen IV or CSPG 
antibody as shown in A and D respectively. The 9-day-old and adult SCs also did not 
express these two molecules, (photos not shown). 
G: HSPG was expressed on SCs (e.g. 14-day-old SCs). 
I: Arrows indicate neurites growing in association with the HSPG-positive SCs. 


































Fig. 3.14 Micrographs showing the association of neurite outgrowth with SC 
surface molecules 
The association of neunte outgrowth with fibronectin (A-C) and with laminm (D-F) 
on SCs was demonstrated. The expressions of fibronectin and laminin on SCs were 
viewed under epifluorescence m the left column. Neurites were visualized by 
NP-200-DAB staining and photographed under bright-field illumination in the 
middle column (in same fields as the corresponding pictures in the left column). The 
right column displays the merged micrographs illustrating the association between 
the cell surface molecules and the regenerating processes. 
C: The arrow shows a fascicle of neurites, emerged from the superior edge of the 
graph, growing along and ramified on the SCs brightly stained by the anti-fibronectin 
antibody. The SCs were from 14-day postnatal hamsters. 
F: Arrows point the neurites branching on the laminin-expressing SCs (14-day-old). 



































Fig. 3.15 Micrographs showing the association of neurite outgrowth with SC 
surface molecules 
The association of neunte outgrowth with N-cadherm (A-C) and with NCAM (D-F) 
on SCs was demonstrated. The expressions of N-cadherm and NCAM on SCs were 
viewed under epifluorescence in the left column. Neuntes were visualized by 
NP-200-DAB staining and photographed under bright-field illumination in the 
middle column (in same fields as the corresponding pictures m the left column). The 
right column displays the merged micrographs illustrating the association between 
the cell surface molecules and the regenerating processes. 
C： Arrows show the retinal neuntes growing in contact with adult SCs expressing 
N-cadherin. R represents the retinal explant. 
F： The arrow shows a long neurite from a fascicle growing through a cluster of 
NCAM-positive SCs (9-day-old), which was also visible in E due to faint 












































Fig. 3.16 Phase-contrast micrographs showing different growth patterns of 
retinal neurites in SC CM 
A and B: Long straight neurites grew in parallel The arrow m A indicates a thick 
bundle of neurites in the late stage CM of 14-day-old SCs. The explant in B was 
cultured in the early stage CM of adult SCs. 
C and D: Neurites branched extensively to form fiber plexus. Arrows show the main 
trunks of neuntes which ramified to construct neurite networks. Arrowheads m D 
denote the branches developed from the main neurite trunk (arrow). The fiber plexus 
in C was made up of convoluted, chaotic neurites (arrowheads) while that in D was 
formed by straighter neurites. Neurites in C and D were growing in the late stage CM 
of 14-day-old SCs. 
Micrographs were taken 14 days after explantation in vitro. R denotes the retinal 
explants. Scale bar 二 100 jum. 
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Fia. 3.17 Phase-contrast micrographs showing different growth patterns of 
retinal neurites in SC CM 
A and B: The looped growth pattern of neuntes. Arrows show the neuntes en wound 
to form loops of various sizes. Neurites in A and B were growing in the late stage 
CM of 9-day-old and 14-day-old SCs respectively. 
C and D: Growth cones on tips of regenerating neurites (arrows). Small filopodia 
(arrowheads) were found on some growth cones. Neuntes were growing m the late 
stage CM of 14-day-old SCs. 
Micrographs were taken 14 days after explantation in vitro. R denotes retinal explant. 
Scale bar = 100 \im. 
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Fig. 3.18 Micrographs showing the neuri te outgrowth of retinal explants 
cultured in the early stage SC CM 
Neurites of retinal explants having cultured m SC CM for 14 days were visualized by 
NF-200-DAB staining and photographed under bnght-field illumination. 
A and B: Neurite outgrowth in 9-day-old CM (9D CM). 
C and D: Outgrowth m 14-day-old CM (14D CM). 
E and F: Outgrowth in 6 to 8-week-old adult CM (adult CM). 
The left column shows the entire views of explants in which the white arrows and 
arrowheads denote the neurites being observed at a higher magnification in the right 
column. The micrographs E and F are not m the same orientation. The black arrows 
indicate the tips of the longest neuntes emerged from the explants. Note the neuntes 
exhibited branching, looping, and straight parallel forms of growth m various CM. 
Some forms coexisted in the same age of CM. Scale bar m E 二 100 ^m (same for A 
and C). Scale bar in F 二 100 ^m (same for B and D). 
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Fig. 3.19 Micrographs showing the neurite outgrowth of retinal explants 
cultured in the late stage SC CM 
Neuntes of retinal explants having cultured m SC CM for 14 days were visualized by 
NF-200-DAB staining and photographed under bright-field illumination. 
A and B: Neunte outgrowth in 9-day-old CM (9D CM). 
C and D: Outgrowth in 14-day-old CM (14D CM). 
E and F: Outgrowth in 6 to 8-week-old adult CM (adult CM). 
The left column shows the entire views of explants in which the white arrows and 
arrowheads denote the neuntes being observed at a higher magnification in the right 
column. The micrographs E and F are not in the same onentation. The black arrows 
indicate the tips of the longest neimtes emerged from the explants. Note the neuntes 
exhibited furcated, looping, and straight parallel forms of growth m vanous CM. 
Some patterns coexisted in the same age of CM, Scale bar m E 二 100 哗 ( s ame for A 
and C). Scale bar in F 二 100 jim (same for B and D). 
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Fig. 3.19 
Fig. 3.20 The comparison of means of neurite number (A) and the longest 
neurite length (B) (^ im) among the PLL control and the groups of early stage 
CM 
The neunte outgrowth of retinal explants cultured on PLL coverslips (PLL) in the 
early stage CM derived from 9-day-old (9D CM(E)), 14-day-old (14D CM(E)), and 
6 to 8-week-old adult (adult CM(E)) SCs were compared with that m DF/N2. Results 
were expressed as the mean 土 SEM {n 二 45). 
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Fig. 3.20 Comparison of means of neurite number and the longest neurite length (jim) 
among the PLL control and the groups of early stage CM 
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Fig 3 21 The comparison of means of neuri te number (A) and the longest 
neurite length (B) (Mm) among the PLL control and the groups of late stage CM 
The neunte outgrowth of retinal explants cultured on PLL coverslips (PLL) m late 
stage CM derived from 9-day-old (9D CM(L))，14-day-old (14D CM(L)), and 6 to 
8-week-old adult (adult CM(L)) SCs were compared with that m DF/N2. Results 
were expressed as the mean 士 SEM {n 二 45). 
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Fig. 3.21 Comparison of means of neurite number and the longest neurite length (jim) 
among the PLL control and the groups of late stage CM 
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Fig. 3.22 The comparison of means of neuri te number (left column) and the 
longest neurite length (right column) (^ im) among the retinal explants cultured 
in early and late stage CM derived from the same ages of SCs 
The charts of neunte outgrowth of retinal explants cultured in the early and the late 
stage CM of 9-day-old (9D CM(E); 9D CM(L)), 14-day-old (14D CM(E); 14D 
CM(L)), and 6 to 8-week-old adult (adult CM(E); adult CM(L)) SCs were shown in 
A, B, and C respectively. Results were expressed as the mean 士 SEM (n = 45). 
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Fig. 3.22 Comparison of means of neurite number and the longest neurite length (|im) 
among the groups of early and late stage CM derived from the same ages of SCs 
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Fig. 3.23 Photomicrographs showing the three groups of NF-M labeled retinal 
neurons observed in dissociated retinal cell cultures 
The uppermost row (A-C) shows the anti-NF-M label while the middle row (D-F) 
shows the vimentm-positive cells m the same fields of views. The lowest row (G-I) 
shows the merged fields ofNP-M and vimentin labeling. 
A, D and G: A NF-M-positive neuron which did not contain DY or vimentin. 
B, E and H: A NF-M-positive neuron which contained vimentin but not DY. Arrows 
in B and E denote the cell body of this neuron. 
C, F and I: A NF-M-positive neuron which was vimentm-negative but the nucleus 
was labeled by DY (arrow in F). Neurons with this phenotype were considered as 
NP-M-positive RGCs. 
Scale bar= 100 jim. 
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Fig. 3.24 Examples of NFM and DY-positive RGCs cultured in different conditions 
The RGCs which had regenerated neuntes in dissociated retinal cell cultures treated 
with SC CM of different ages (B-D), or m control cultures without CM (A) were 
demonstrated. The cell body was indicated by an arrow in each panel. Although a range 
of neuritic branching pattern and complexities were observed, sprouting RGCs exposed 
to CM tend to have more branches as shown in these examples. 







































































































Fig. 3.25 An example of a RGC having sprouted long neurites after cultured 9D 
CM 
A： The extent of all the neurites originated from the cell body (arrow) of the RGC is 
shown. In many of the RGCs which had sprouted neurites, one of the neurites which 
came off from the cell body would elongate and branch more extensively than the 
other ones (as in this example), suggesting a correlation to the morphological axon in 
vivo. 
B and D: The high magnification views of the distal (B) and proximal (D) parts of 
neurites of the RGC in A, together with anti-vimentin labeling of the same region. 
This shows that the neunte was initially ruiming in a vimentin cell-free zone but later 
come into contact with vimentin-positive cells. However，detailed observations of the 
neurites did not reveal any specific association of the neurites with the 
vimentin-positive cells. Scale bar in A 二 100 jum. Scale bar in D 二 100 |im，also valid 
inB. 
C： The same cell body of RGC in A which contained DY (yellowish-green 















































































































































































Fig. 3.26 The comparison of means of cell body area {]xm )^ (A), neurite number 
(B^ and total neurite length (^ im) (C) of dissociated RGCs cultured in different 
culture media, labeled by both NF-M and DY 
The NF-M and DY labeled RGCs that had been cultured m DF/N2 {n = 62), and the 
early stage CM derived from 9-day-old (9D CM; 2.5X concentrated; n 二 70)， 
14-day-old (14D CM; 2.5X concentrated; n 二 63)，and 6 to 8-week-old adult (adult 
CM; 5X concentrated; "二 116) SCs were studied. Results were expressed as the 
mean 土 SEM. 
A: The mean cell body area per NF-M and DY-positive RGC. 
B: The mean neurite number per NF-M and DY-positive RGC. 
C: The mean total neunte length per NF-M and DY-positive RGC. 
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Fig. 3.26 Comparison of means of cell body area neurite number，and total 
neurite length (^im) of NF-M and DY labeled RGCs after cultured in different culture 
media 
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Fig. 3.27 The cell size ( m ) distribution of NF-M and DY-positive RGCs in the 
DF/N2, 9D CM, 14D CM and adult CM groups 
The NF-M and DY labeled dissociated RGCs that had been cultured m DF/N2 {n = 
62), and the early stage CM derived from 9-day-old (9D CM; 2‘5X concentrated; n 二 
70), 14-day-old (14D CM; 2.5X concentrated; n = 63)’ and 6 to 8-week-old adult 
(adult CM; 5X concentrated; n = 116) SCs were studied The histogram is 
constructed of intervals of 50 jLim^  present with median values. 
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Fig. 3.27 The cell size distribution of NF-M and DY-positive RGCs in the DF/N2, 
9D CM, 14D CM and adult CM groups 
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Fig. 3.28 The neurite number distribution of NF-M and DY-positive RGCs in 
the DF/N2, 9D CM，14D CM and adult CM groups 
The NF-M and DY labeled dissociated RGCs that had been cultured m DF/N2 (n 二 
62), and the early stage CM derived from 9-day-old (9D CM; 2.5X concentrated; n 二 
70), 14-day-old (14D CM; 2.5X concentrated; n 二 63), and 6 to 8-week-old adult 
(adult CM; 5X concentrated; "二 116) SCs were studied The histogram is 
constructed of intervals of one 画 t of neunte number present with median values. 
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Fig. 3.28 The neurite number distribution ofNF-M and DY-positive RGCs in the 
DF/N2, 9D CM, 14D CM and adult CM groups 
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Fig. 3.29 The distribution of total neurite length (^ im) per NF-M and 
DY-positive RGC in the DF/N2, 9D CM, 14D CM and adult CM groups 
The NF-M and DY labeled dissociated RGCs that had been cultured m DF/N2 (n = 
62), and the early stage CM derived from 9-day-old (9D CM; 2.5X concentrated; n 二 
70), 14-day-old (14D CM; 2.5X concentrated; n 二 63), and 6 to 8-week-old adult 
(adult CM; 5X concentrated; " = 116) SCs were studied The histogram is 
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Fig. 3.30 The morphology of GFAP-positive glial cells (astrocytes and Muller 
cells) in dissociated retinal cell cultures and their relationships with neurites 
A: A neuron (arrow) together with its neurites stained by RT97 (red) and a few 
GFAP-positive cells (blue) dispersed throughout the same field No definite 
relationship was seen between the neurites and the GFAP-positive cells. 
B： The same field in A observed by DIG optics to show the presence of many 
GFAP-negative cells. These cells were also visible in A as specks and clumps as a 
result of non-specific autofluorescence. Scar bar = 100 i^m, also valid in A. 
C and D: The morphology of GFAP-positive cells m dissociated retinal cultures with 
(D) or without (C) SC CM added. No difference m either the number or morphology 
































Fig. 3.31 The morphology of macrophages and microglia (anti-Ibal-positiye) in 
dissociated retinal cell cultures with or without SC CM added 
Micrographs in the left column show microglia or macrophages in control cultures 
(without CM) while the right column micrographs show the same type of ceils m the 
presence of SC CM. 
The microglia/macrophages m control cultures consisted of both large flat cells 
(arrow in A) and small rounded cells (arrowhead in A), with the former observed in 
higher frequency. In contrast, cultures treated with SC CM exhibited a drastic 
decrease in number of the large flat cells (arrow in A) (compare B to A), with 
dominance of small rounded cells (arrowhead in A). Scale bar m B 二 100 um, also 
valid in A. 
Many of the CM-treated cells exhibited sharp spikes on their cell membrane surfaces 
(arrow m D), as opposed to the relatively smooth contour of the cell membrane of 














































































SCs have been reported to support the survival and neurite growth of 
dopaminergic neurons from embryonic rat ventral mesencephalon in culture and 
when they were co-transplanted into the striatum of adult rats (Sanberg et al., 1997a; 
Willing et al , 1999a). More remarkably, injection of SCs alone into the striatum of 
rats with experimentally induced hemiparkinsonism was found to result in functional 
recovery (Borlongan et al.，1997; Liu et al , 1999; Sanberg et al, 1997a). Thus, SCs 
are hypothesized to be capable of promoting CNS regeneration. In this study, the 
effects of SCs on adult RGC regeneration were investigated by using two in vitro 
models: the retinal explant culture and the dissociated retinal cell culture. The study 
aimed to examine whether SCs can promote adult RGC regeneration. If SCs are 
positive to RGC neurite regeneration, the next objective comes to test whether the 
effect of the presence of SCs is important for the neurite growth by replacing SCs 
with testicular capsule cells in coculture with retinal explants. The present study was 
also designed to find out factor(s) mediating the SC effects on RGC regeneration. 
The dissociated retinal cell cultures would allow clear examination of interactions 
between SCs and retinal glial cells. This will be the first study to address whether 
SCs can serve as an alternative to neural tissue to stimulate regeneration of atypical 
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CNS neuron. 
In the retinal explant experiment, small explants were cocultured with SCs or 
cultured in SC CM derived from hamster testes of various ages. It was found that the 
purity of SC cultures decreased with increasing ages of testes from which the cells 
were isolated. All the three ages (the 9-day, 14-day postnatal and the 6 to 8-week-old 
adult) of SCs studied significantly enhanced neurite outgrowth in vitro but the 
effectiveness varied with testis ages and duration of the SC culture. The SC was 
shown to promote retinal neurite outgrowth more effectively compared with the 
testicular cells. The neurite-promoting effects of SCs can be related to the cell 
surface factors and secreted diffusible factors. 
In the experiment using dissociated retinal cells, RGCs from adult hamsters 
were identified from the co-localization of retrograde label introduced via the optic 
nerve in vivo, with the NF-M antigens. The effects of SC CM on regeneration of the 
retrogradely labeled RGCs were analyzed in terms of the neuron morphological 
changes. SC CM from both young and mature testes significantly increased mean 
soma sizes of sprouting RGCs. The CM from 9-day postnatal SCs significantly 
promoted neurite numbers from RGCs but older SC CM did not. The 14D CM could 
not modify mean total neurite length of the dissociated RGCs but the 9D and adult 
CM enhanced their neurite elongation. Besides, SC CM was found to alter 
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morphology of microglia/macrophages in the dissociated retinal cell cultures. 
Whether such change is related to the SC neurite-promoting effects is unknown at 
present. 
4.1 The study of SC effects on RGC regeneration using retinal 
explant model 
The organotypic retinal cultures can be used to study RGC regeneration 
Different species of retinal explants have been used to study RGC 
regeneration (chick: Matsunaga et al , 1988; human: Hopkins and Bunge, 1991a; 
mouse: Hone et al.，1994; Meyer and Miotke, 1990; rat: Bahr et al.，1988; Hopkins 
and Bunge, 1991b). Although RGC is not the only axon-bearing cells in adult retinae, 
evidence has shown that the neurites extending from adult retinal explants are optic 
fibers originating from RGCs. Neurites which emerge from adult retinal explants are 
found to process axonal morphology (Meyer and Miotke, 1990). The neurites are 
recognized by axonal markers like GAP43 (Meyer et al., 1993) and MAPS (Bates et 
al., 1993) as well as several ganglion cell markers such as MAPIA (Bates et al,， 
1993), neurofilaments (Bates and Mayer, 1993) and Thy-1 (Cohen and Johnson, 
1991). Besides, the neurites are found to be marked by retrograde dye which 
pre-labele the RGCs before explantation (Bahr et al.，1988). All these have identified 
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the adult retinal explant neurites as RGC axons. Therefore it is valid to use 
organotypic retinal explant cultures to study RGC regeneration. 
Adult hamster retinal explants were used in this study to investigate the 
effects of SCs on RGC regeneration. In cocultures of adult retinal explants with 
different ages of SCs for 14 days, the explants reduced in sizes and the cut edges 
appeared to recede from their original position. This shrinkage was also found in 
other long-term coculture systems of adult retinal explants (from rats for more than 
10 days in vitro: Hopkins and Bunge, 1991b; from human for 14 to 19 days in vitro: 
Hopkins and Bunge, 1991a) with Schwann cells which are known to be supportive 
for RGC neurite outgrowth (Li et al., 1998; Negishi et al.，2001; Yip et al , 1998). 
This revealed no obvious difference between experimental techniques. The explant 
shrinkage phenomenon may be due to progressive shrinkage or loss of retinal cells 
over the long culture period (Hopkins and Bunge, 1991a). However in the present 
study, the hamster retinal explants cocultured with SCs maintained their regenerated 
neurites. There were also many large irregular shaped NF-200-positive cells, 
presumed to be sprouting RGCs (Cho and So, 1992), survived within the explants. 
Thus, the explants were shown to be growing healthily on SCs. 
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Purities of SC cultures decrease with increasing ages of testes 
The purities of SC primary cultures were assessed by immunostaining the 
cells with anti-Sox9 antibody. The nuclear transcription factor Sox9 has been shown 
to be a specific marker for SCs in various species that localizes in the nuclei of both 
prepubertal and adult SCs (da Silva et al, 1996; Hemendinger et al.，2002). The 
purities of SCs in the cultures decreased with increasing ages of the testes. 
Contaminating cells in the preparations can be germ cells, Leydig cells and 
peritubular cells of testis. During the early postnatal period, only SCs and a few large 
germ cells are found inside seminiferous tubules (Pellinemi et al.，1993). SCs are the 
dominating cells within the tubules throughout the early postnatal stage (McCoard et 
al , 2001) but their mitotic activity gradually decline and cease entirely following the 
onset of spermatogenesis at puberty (Wang et al.，1989). At this time, germ cells 
proliferate extensively and hence the germ cells to SCs ratio increases (McCoard et 
al., 2001). Proliferative activity of hamster SCs continues up to postnatal day 16 
while spermatogenesis is initiated on day 12 after birth (Miething, 1998). In rats, 
Leydig cell number in testis increases whereas SC number is stable after puberty 
(Bortolussi et al.，1990). Peritubular cells continue to proliferate in adult rats (Teerds 
et al.，1989). The fact that SCs stop multiplying while other testicular cells continue 
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to proliferate after puberty explains the lower purity of the adult SC culture as 
compared with the postnatal cultures. However, in case of primary cell culture, the 
purity of above 80% in the adult cell preparation is pretty good. 
Both young and mature SCs can promote adult retinal neurite outgrowth 
SCs at different ages possess neurite-promoting activity. The 9-day-old, 
14_day-old and 6 to 8-week-old SCs increased the mean neurite number per adult 
retinal explant from 2.7- to nine-fold to that of the PLL control whereas the mean 
longest neurite length showed three- to six-fold enhancement. The retinal neurites 
were growing actively on SCs, which branched and fasciculated extensively. The 
neurites were also found to be in close association with the cocultured SCs, showing 
preference to grow within SC covered areas on the coverslips. These suggest that SCs 
can provide a favorable environment for axotomized RGCs to survive and regenerate 
neurites. As yet, there has been no study on the effect of SCs on RGC regeneration, 
however, trophic effects of SCs on other neurons have been demonstrated while 
studying their efficacy in treatment of neurodegenerative diseases. Several in vitro 
studies of culturing human teratocarcinoma cell line neurons or ventral 
mesencephalon neurons with SCs (Cameron et al.，1997; Othberg et al., 1998) have 
discovered that SCs possess trophic effects on these cells by increasing their survival, 
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soma sizes and outgrowth of neurites. SCs also exerted similar trophic effects on 
these neurons in cotransplantation into hemiparkinsonian rat striatum (Willing et al., 
1999a; Willing et al , 1999b). When grafted alone into hemiparkinsonian rat striatum, 
SCs induced sprouting of tyrosine hydroxylase-positive neurons at the grafted area 
(Sanberg et al., 1997a). The evidence that SCs have trophic activities on cocultured or 
cotransplanted neurons as well as the grafted tissues supports the present findings that 
SCs can promote RGC regeneration. 
SCs promote better neurite outgrowth than the testicular capsule cells do 
Not all the cells derived from testis can promote neurite outgrowth. The TCs 
reduced the number of neurites emerged from cocultured retinal explants, though they 
increased the mean longest neurite length of the explant when compared with the PLL 
control. The cells also caused serious round-up distortion and shrinkage of cocultured 
explants to an extent considerably greater than that found in the SC-cocultiired 
explants. These indicate that TCs are nonpermissive for healthy growth of retinal 
cells. The TCs used in the study were derived from tunica albuginea of testicular 
capsule, which consists of fibroblasts interspersed with collagen fibers and myoid 
cells (Middendorff et al., 2002; Qin and Lung, 2001). The enhanced elongation of 
retinal neurite on the TC culture can be attributed to the presence of fibroblasts, 
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which have been shown to stimulate RGC axonal regeneration (Yip et al.，1998). 
SC is doubtless a special and much more ideal neurite outgrowth enhancer 
compared with the TC because SCs stimulated significantly more and longer retinal 
neurites than did the TCs. The regenerated neurites on the TC culture did not 
associate with TCs as closely as they were growing on SCs. SCs also did not cause 
inhibition of neurite emergence and the severe distortion of explant as the TCs did. 
The neurite-promoting effect of SCs should therefore be very special In the in vitro 
study demonstrating SC trophic effect on rat tyrosine hydroxylase-positive neurons 
(Othberg et al, 1998), SCs increased the number of the cocultured neurons by almost 
three-fold compared with the control peritubular cells. This again shows the 
uniqueness of SC neurite-promoting ability. 
The SC neurite-promoting effects can be mediated by the cell surface factors 
The surprising result that the liquid nitrogen-treated nonviable SCs 
significantly enhanced neurite number and length of retinal explants indicates that the 
SC surface alone can support neurite outgrowth. Since the cells were rendered 
nonviable, the cells cannot secrete any substance into the medium to affect the 
cocultured explants. The positive effect attributed to the nonviable SCs can be 
explained by the presence of various molecules on SC surface. Collagen IV’ 
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fibronectin, HSPG, laminin, N-cadherin and NCAM have been shown to be expressed 
on SC surface (Borland et al , 1986; Brucato et al, 2001; Davis et al, 1990; Lustig et 
al., 1998; MacCalman et al., 1993; Orth and Jester, 1995; Richardson et al , 1995; 
Sandig et al., 1997; Skinner et al.，1985). These cell surface molecules have been 
demonstrated in many in vitro studies to promote survival and neurite outgrowth of 
both PNS and CNS neurons from various ages and species of animals (Adler et al.， 
1985; Askers et al.，1981; Bates and Meyer, 1997; Bixby and Zhang, 1990; 
Carbonetto et al.，1983; Doheity et al.，1989; Doherty et al , 1990; Ford-Holevinski et 
al.，1986; Hantaz-Ambroise et al, 1987; Lander et al., 1982; Lein et al , 1991; 
Matsunaga et al, 1988; Neugebauer et al, 1988; Rogers et al, 1983; Tonge et al.， 
1997). Among these studies, fibronectin, HSPQ laminin, N-cadherin and NCAM are 
found to stimulate neurite outgrowth of rodent, chick and goldfish retinal neurons 
(Adler et al , 1985; Askers et al, 1981; Bates and Meyer, 1997; Ford-=Holevinski et al, 
1986; Matsunaga et al., 1988; Neugebauer et al., 1988; Su and Elam, 2003). 
The expression results of the cell surface molecules on SCs in the present 
experiment agree with that of the expression studies discussed above, except that the 
hamster SCs here do not express collagen IV. This difference could be due to the use 
of different species of animals and different culture conditions. The studies showing 
positive collagen IV expression on SCs (Borland et al., 1986; Davis et al., 1990; 
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Lustig et al , 1998; Richardson et al•，1995; Skinner et al.，1985) looked at rat SC 
cultures for much shorter periods of time (three to seven days in vitro) but hamster 
cells were cultured for two weeks in the present study. 
Our results that retinal neurites are growing in association with the cell surface 
molecules expressed on SCs indicate that the molecules do provide a favorable 
substratum for neurites to regenerate. However, different isoforms of the molecules 
may be produced by different ages of SCs because retinal neurites sometimes show 
different affinities to the same cell surface molecules expressed on different ages of 
SCs. Laminin has been determined to be more potent in stimulating retinal neurite 
growth compared with fibronectin (Adler et al., 1985) and thus it was that the laminin 
on SCs should attract more neurites than fibronectin would. However, the present 
result was that neurites grew in closer association with fibronectin. The laminin 
molecules on the SC surfaces may be present in a configuration that partially hinder 
neurite access to the laminin neurite-promoting domain (Bates and Meyer, 1997; 
Davis et al , 1985; Yurchenco et al , 1986), making the molecule less attractive to 
outgrowing neurites. 
The remarkably greater mean neurite length found on the postnatal day 14 
SCs than on the day 9 cells can be explained by the relatively higher expression levels 
of cell surface molecules on the former. Neurite extension depends on substrate-
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bound cues (Bixby and Zhang, 1990; Davis et al.，1985; Letoumeau, 1975a; 
Letoumeau, 1975b; Rogers et al., 1983). Extracellular structures have been shown to 
guide long distance migration of developing and regenerating axons (Bohn et al.’ 
1982; Goodman et al., 1983; Krayanek and Goldberg，1981). Therefore，the higher 
expression levels of the SC neurite-permissive cell surface molecules should give 
greater promotion effects. Another possibility is that isoforms of the cell surface 
molecules found on the 14-day-old SCs are more supportive to neurite outgrowth than 
the 9-day-old SCs, as demonstrated by the relatively greater degree of association 
between retinal neurites and the cell surface molecules of the older cells. 
The SC neurite-promoting effects can be mediated by the cell secreted 
factors 
Although the nonviable SCs can increase neurite number and length of retinal 
explants versus the PLL control, the neurite-promoting effects of viable SCs were far 
more potent than the nonviable ones. This implies that the stimulatory effects of SCs 
are not only mediated by the cell surface molecules but also other mechanisms. The 
trophic factors actively secreted by viable SCs can be a cause of the difference 
between the viable and nonviable counterparts in promoting neurite outgrowth, and 
also responsible for SC neurite-promoting mechanisms. 
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The experiment done on retinal explants cultured in SC CM has shown that 
diffusible factors released by SCs can enhance neurite outgrowth. The CM derived 
from various age SCs significantly increased the mean neurite number and longest 
neurite length of explants compared with the control DF/N2 medium. The different 
retinal neurite growth patterns, and more importantly the presence of growth cones on 
neurite tips which are signs of active axonal navigation and are essential for 
pathfinding (Goldberg，2003; Oster and Sretavan，2003; Song and Poo, 1999)， 
observed in SC CM indicated that the SC secretory factors promote robust neurite 
outgrowth. The cocktail of trophic factors delivered by SCs may account for the 
results as SCs have been demonstrated to produce a large variety of trophic factors 
including bFGF, EGFs，IGF-I, IL-la, IL-6, NGF, NT-3, PDGF, TGF-a, and TGF-p 
(Chatelam et al., 1987; Cudicini et al., 1997; Cupp et al., 2000; Cupp et al.，2002; Han 
et al , 1993; Loveland., 1995; Mullaney and Skinner, 1993; Riccioli et al., 1995; 
Skinner et al., 1989; Skinner, 1993). Many of these factors have trophic effects on 
various CNS neurons as shown by enhancement of neuron survival, development and 
neurite growth in many in vivo and in vitro studies (Alexi and Hefti, 1993; Ferrari et 
al.，1989; Giacobim et al.，1993; Kniisel et al , 1990; Krieglstein et al., 1995; Ling et 
al., 1998; Mayer et al., 1993; Morrison et al., 1986; Morrison et al.，1987; Othberg et 
al.，1995; Steinbusch et al.，1990; von Coelln et al., 1995). In addition, bFGF, EGF, 
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IGF-I, NGF and NT-3 have been shown to have trophic and neuroprotective effects 
on retinal neurons (Bahr et al,，1989; Carmignoto et al.，1989; de la Rosa et al, 1994; 
Heidinger et al.，1997; Hicks et al.，1991; Kermer et al, 2000; Lehwalder et al , 1989; 
Rabacci et al , 1994; Sievers et al , 1987; Siliprandi et al., 1993; Unoki and LaVail, 
1994). 
The effectiveness of SC neurite-promoting effects can be influenced by 
testicular development 
The three ages of SCs and their CM studied shared similar patterns of neurite 
outgrowth promotion such that the adult SCs and CM generally performed better in 
enhancing both neurite number and length compared with the postnatal counterparts. 
The postnatal day 14 SC and CM prominently stimulated neurite elongation but not 
neurite number. The different physiological roles of SCs in testes of different ages 
may account for the results. In the testis, SCs and germ cells are arranged in 
well-defined associations (Clermont, 1972). SCs interact with different sets of germ 
cells during testicular development. Functioning as the 'nurse cells' in 
spermatogenesis, SCs exhibit changes in protein secretion from the early stage of 
development to the onset of meiosis and to the ultimate formation of spermatozoa 
(Griswold, 1993). Exemplified by the SC proteins Miillerian inhibiting substance 
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(MS) and androgen binding protein (ABP), the former protein has been found to be 
secreted by SCs at declining levels from fetal stage to shortly after birth (Josso and 
Picard, 1986; Price, 1979; Iran et al., 1981) whereas the ABP secretion increases 
gradually from early postnatal stage to adulthood (Huggenvik et al.，1984; Skinner 
and Griswold, 1982; Steinberger et al , 1975). Therefore，the types and amount of 
trophic factors and cell surface molecules produced by SCs can be affected by 
development and maturation changes. Proteins produced by SCs on day 9 (at 
pre-spermatogensis stage in hamster, by Miething in 1998)，day 14 (at initial stage of 
spermatogenesis), and at six to eight weeks (when spermiation occurs) after birth can 
differ and have different effects on the promotion of neurite outgrowth. In agreement 
to this, the retinal neurites were found to have a higher affinity for the 14-day-old SC 
surfaces than for the 9-day-old one in the present study. 
The duration of cultures of SCs may also affect the neurite promotion 
potency according to the results in the SC CM experiment. The pooled CM collected 
on days 2 and 3 after seeding the cells stimulated neurite outgrowth to an extent 
either comparable to or significantly more potent than did the pooled CM collected 
on days 4 and 5. The relatively poor performance of the late stage CM may be due to 
decreasing amount of trophic factors secreted by SCs which have died or detached 
during the course of incubation. It has been reported that the response of SCs to 
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hormones and the secretory activity of some of their products begin to decline after 
six to eight days in culture (Karl and Griseold, 1980; Skinner and Griswold, 1982). 
Possible mechanisms of SC permissive effects on retinal neurite outgrowth 
The prominent stimulation of neurite outgrowth by SCs can be due to the 
molecules expressed on their surfaces as well as the trophic factors they released. 
That was why the nonviable SCs, whose cell surface molecules were retained, were 
shown to be supportive to retinal neurite regrowth. Nevertheless, the living SCs, 
which not only offer the permissive substrate for retinal neurites to grow but also 
actively secrete trophic factors nourishing the neurons, caused much better growth 
promotion. Among the exhaustive list of trophic factors secreted by SCs, the factors 
may act individually or in combination (Goldberg, 2003; Nishi, 1994) to stimulate 
neurite outgrowth. In agreement with this, RGCs are reported to be able to response 
to multiple trophic influences on their survival and growth (Meyer-Franke et al., 
1995; Yip and So, 2000). Besides, trophic factors released by SCs can act by 
associating with their cell surface molecules to enhance neurite regeneration. For 
example HSPG serves as an essential modulator of bFGF biological activity 
(Bonneh-Barkay et al., 1997; Ruoslahti and Yamaguchi, 1991). HSPG binds to bFGF 
to promote bFGF receptor binding (Roghani et al., 1994; Vlodavsky et al., 1996; 
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Yayon et al., 1991) and subsequent signal transduction (Rapraeger et al , 1991; 
Rapraeger et al., 1994; Schlessinger et al.，1995). Additionally, the binding ofHSPG 
to bFGF protect the growth factor from degradation (Damon et al., 1989; Thompson 
et al , 1988; Vlodavsky et al , 1996) and creates a reservoir of bFGF at the ceil 
surface and matrix (Ruoslahti and Yamaguchi, 1991; Saksela et al.，1988)，thereby 
enhancing and concentrating its activity. SC proteins may also act as guidance cues 
leading to reassembly of cytoskeleton components such as actin and tubulin in the 
growth cones of regenerating neurites (Oster and Sretavan, 2003; Song and Poo, 
1999). The ECM molecules fibronectin and laminin have been identified as guidance 
molecules that promote axon outgrowth (Akers et al., 1981; Tessier-Lavigne and 
Goodman, 1996; Yu and Bargmann, 2001). NT-3 and NGF have been shown to 
attract growth cones and elongating axons of cultured neurons (Gundersen and 
Barrett, 1979; Letoumeau, 1978; Ming et al.，1997). Furthermore, the trophic factors 
can directly stimulate the transcription of cytoskeleton proteins in regenerating 
neurites (Raju et al.，1994). NGF has been shown to boost cytoskeletal protein 
synthesis via acting directly on the perikaryon (Doherty et al.，1984; Drubin et al., 
1985). 
To conclude this part of experiment, SCs are highly permissive for neurite 
regeneration which not only offer a superior substrate for neurite outgrowth but also 
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provide trophic support. The neurite-promoting effects of SCs are special and can be 
mediated by the surface and secreted factors of the cells. 
4.2 The effects of SC CM on RGC regeneration using dissociated cell 
culture model 
RGCs in dissociated retinal cell culture can be identified by retrograde 
tracing technique 
Neurofilament protein is expressed by RGCs and a subset of horizontal ceils 
(Wigley and Berry, 1988) in the retina. RGCs, the only retinal neuron with an 
extraretinal projection, can be identified through their capacity to accumulate 
fluorescent dyes applied along their axonal paths up to their targets of innervation 
(Sarthy et al , 1983). To provide evidence for the RGC origin in the present 
dissociated retinal cell culture, the RGC nuclei were back-labeled with DY from the 
optic nerve utilizing retrograde tracing techniques. Hence the retinal cells positively 
labeled by both NF-M and DY should belong to RGCs. The lack of vimentin staining, 
which marks only horizontal cells and Miiller cells in retina (Lohrke et al, 1994; 
Vaughan and Lasater, 1990), in these cells further support their RGC identity. The 
group of NF-M positive neurons which stain positively by anti-vimentin antibody 
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but fail to possess DY should therefore be horizontal cells. There remains some 
uncertainty concerning the identity of the population of NF-M labeled neurons which 
showd no DY label or vimentin immuno-reactivity. These retinal neurons were most 
likely RGCs because they did not express vimentin hut somehow failed to be labeled 
by DY or lost the dye during the subsequent culture period. This is concurred with 
Wigley and Berry's observation (1988) that it is rare for 100% of the RGC 
population to be successfully backfilled by a retrograde dye and that the level of dye 
intensity varies for the labeled cells. Since most of the NF-M- and DY-positive 
RGCs have sprouted neurites, they can represent the group of sprouting RGCs in the 
present retinal cell cultures. 
SC CM from testes of different ages can increase adult RGC soma size 
Mammalian RGCs have been categorized into groups according to cell size 
in adult rats (Mey and Thanos, 1993) and cats (Chen and Weber, 2001). The present 
study has shown that SC CM can increase soma size of sprouting RGCs，regardless 
of the ages of animals from which the SCs were obtained. The increase in mean cell 
body area observed when RGCs were cultured in SC CM correlated with the 
reduction of small RGCs and increase in large RGCs in the CM treated cultures. It is 
possible that certain factor(s) released by SCs may ameliorate the survival of large 
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but not small RGCs. Another possibility could be a generalized trophic effect on 
soma size. It is known that certain trophic factors secreted by SCs are able to 
promote RGC survival in vitro and in vivo (bFGF: Sievers et al., 1987; Unoki and 
LaVail, 1994; NGF: Carmignoto et al.，1989; Lehwalder et al.，1989; Rabacci et al, 
1994; and NT-3: de la Rosa et al., 1994). However there are few studies showing that 
trophic factors have preferential effect on the survival of larger RGC categories. 
There was also little evidence concerning the effects of SC trophic factors on RGC 
soma size although many studies have proved the trophic activity of SC factors on 
RGC neurite outgrowth (discussed previously). However, bFGF has been shown to 
stimulate enlargement of RGCs in adult frogs (Blanco et al.，2000). 
SC CM from testes of certain age can promote adult RGC neurite outgrowth 
The CM derived from 9-day postnatal SCs significantly increased the mean 
neurite number per dissociated RGC; however, media from SCs of other ages tested 
did not modify the number. The 14-day-old SC CM also did not enhance the mean 
total neurite length per RGC above that of the control In contrast, both the CM from 
9-day-old and adult SCs significantly enhanced the mean of RGC total neurite length. 
These data are somewhat different with the results obtained in the explant 
experiment. Methodological differences between the two studies and the uses of 
166 
different measured parameters may account for the different results. The dissociated 
retinal cultures involved pre-transection of ON. It has been shown that lesion to the 
ON causes rapid and extensive death of RGCs (Koliatsos and Price, 1996; Yip and 
So, 2000). The ON cut could probably affect the subsequent response of the 
surviving neurons to neurite-promoting factors secreted by SCs. The enzyme 
treatment during retinal cell dissociation might also influent the susceptibility. 
Besides, RGCs arranged in monolayer cultures and those maintained in organotypic 
retinal explants may react differently to the environment provided by SC CM 
(Sparrow et al , 1990). The much shorter period of incubation of the dissociated 
retinal cells in SC CM (three days) compared with the 14 days culture of retinal 
explants with the CM may also be a factor. This reflects the possibility that factors 
secreted from SCs of different ages may be in different combination or proportion 
such that they may react in different rates to promote neurite regeneration. A longer 
incubation period may be needed for the 14-day-old SC CM to generate significant 
growth effects. The documentation of the length of the longest neurite in the explant 
study is also different from the measurement of the total neurite length in the 
dissociated cell experiment. Nevertheless, the results overall indicate that SC CM do 
promote the regeneration of RGCs in dissociated cultures. 
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SC CM can alter certain glial cells in the dissociated retinal cell culture 
Retinal astrocytes and Miiller cells have been demonstrated to support 
survival and neurite outgrowth of RGCs in adult mammals in vitro (Bahr, 1991; 
Baehr and Bunge, 1990; Garcia et al., 2002). Activated astrocytes and Mtiller cells 
have been shown to produce BDNF (Dougherty et al., 2000; Seki et al.，2003; Taylor 
et aL, 2003), bFGF (Cao et al , 1997; Norenberg, 1994) and CNTF (Barres and Raff, 
1999； Chun et al, 2000). These factors promote RGC neurite outgrowth in vitro 
(BDNF: Bosco and Linden, 1999; bFGF: Bahr et al., 1989; CNTF: Jo et al.，1999). 
Hence is it possible that SC CM stimulates RGC regeneration by activating these 
retinal glia and causing their release of diffusible neurotrophic factors? The present 
experiment has shown that SC CM does not modify the number and morphology of 
GFAP-positive astrocytes and Mtiller cells (Bjorklund et al.，1985; Vaughan et al.， 
1990), in the dissociated retinal cell cultures. No obvious association between the 
GFAP-positive cells and RGC neurites was seen in cultures with or without SC CM. 
These results suggest that SC CM have no effect on the survival and proliferation of 
retinal astrocytes and Miiller cells in dissociated cultures. However, at present, the 
possibility that SCs may affect these glial cell activities cannot be ruled out. This is 
because the number of astrocytes and Miiller cells in the control dissociated retinal 
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cultures is very small compared to other retinal glial cells such that any effect of SC 
CM on the low density of the glia can go undetectable. 
Activated microglial cells have been found to stimulate spinal cord neurite 
outgro\vth and be involved in robust regeneration of the nigrostriatal tract in adult 
rats in vivo (Moon et al., 2000; Rabchevsky and Streit, 1997). Macrophages, upon 
activation, cause mature RGCs to regenerate axons across an ON lesion into the 
distal stump (Yin et al” 2003). Both these cell types have been shown to induce 
sprouting of adult mouse dopaminergic neurons (Batchelor et al., 1999) and produce 
BDNF (Batchelor et al.，1999; Dougherty et al.，2000). In the present study of 
dissociated retinal cells, microglia/macrophages were identified by anti-Ibal 
antibody specifically (Ito et al., 1998; Sasaki et al，2001). In the presence of SC CM, 
these cells elaborate characteristic sharp spikes on their cell membrane surface as 
opposed to the relatively smooth contour of the cell membrane of the control cells. 
The fact that SC CM altered the morphology of retinal microglia suggests that SCs 
may influence certain retinal glia by secreting diffusible factors, though such effect(s) 
is unknown at present. 
Summarizing the results in this part, the secreted factors of SCs can increase 
sprouting RGC soma size in dissociated retinal cell cultures. The CM derived from 
9-day postnatal SCs can significantly enhance the RGC neurite number and length 
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rapidly within three days in culture. Adult SC CM also produces fast promotion on 
neurite elongation. SCs can modify the morphology of certain retinal glia that may 
has unknown significance to RGC regeneration. 
4.3 Possibility of using SCs to foster CNS regeneration 
Although some non-neuronal cell types have been identified to be supportive 
for CNS regeneration, the use of SCs to promote regeneration may be more feasible. 
Although astrocytes, Miiller ceils, microglia/macrophages as well as the PNS 
Schwann cells haven been documented to promote RGC neurite outgrowth (Bahr, 
1991; Baehr and Bunge, 1990; Garcia et al.，2002; Hopkins and Bimge, 1991b; Yin 
et al., 2003)，their effects are variable and most require activation prior to application. 
In Fawcett et al's in vitro study (1989)，astrocytes isolated from immature animals 
support a little neurite growth from adult RGCs whereas adult cells do not. Similarly, 
astrocytes matured in vitro are less permissive for axon growth than immature cells 
(Baehr and Bunge, 1990; Smith et al., 1990). They are also incapable of enhancing 
the survival of adult RGCs m vitro (Baehr and Bunge, 1990). Cultured adult retinal 
astrocytes require an ON pre-crush activation to enhance RGC regeneration (Bahr, 
1991). SCs, in contrast, do not depend upon age or activation to elicit regeneration. 
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Besides, when astrocytes are grown in a three-dimensional culture, they become 
nonpermissive for adult RGC regeneration and behave like the 
regeneration-inhibitory astrocytic glial scar in damaged CNS (Fawcett et al., 1989). 
Retinal Mtiller cells from rats require ON crush stimulation to give significant 
neurite promotion effect in adult rats (Bahr, 1991). Porcine Mtiller cells have been 
shown to stimulate RGC neuritogenesis in vitro but not the paraformaldehyde-fixed 
cells (Garcia et al., 2002). This implies that surface components of Mtiller cells may 
not as permissive as of the SCs for neurite outgrowth since the frozen SC surfaces, in 
the present study, has supported regeneration. However, whether the 
paraformaldehyde treatment would influence Mtiller cell property is unknown. 
Microglia/macrophages also need additional activation before they can promote 
optic axon regeneration. Lens injury (Leon et al.，2000) or intravitreal zymosan 
injection (Yin et al.，2003) is required to induce microglia/macrophage effects, 
indicating that their actions are rather passive. The utilization of lens injury to 
stimulate microglia/macrophage activities is not feasible because of the damage 
inflicted to the lens. Introduction of foreign substance like zymosan may cause 
undesirable immunoreaction in the eye. The promotion of RGC survival and axonal 
growth by Schwann cells depends on their state of differentiation (Baehr and Bunge, 
1989) such that proliferating or mature Schwann cells are effective in supporting 
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neuronal survival and axonal regrowth whereas the quiescent Schwann cells are 
significantly less effective. Besides, the ECM of Schwann cells do not support 
neurite outgrowth from embryonic or adult rat retina (Hopkins and Bunge, 1991b; 
Kleitman et al.，1988). 
There is evidence showing that combinations of growth factors are required to 
maintain neuron physiological functions and to minimize cell death (Nishi, 1994). In 
this regard, it has been shown that multiple trophic factors collaborate to enhance 
long-term survival of cultured RGCs (Meyer-Franke et al., 1995). The property of 
SCs chronically delivering a cocktail of trophic factors to cografts or cocultured cells 
makes it likely that diversified populations of neurons, including RGCs, will respond 
to the stimulus. SCs are found to remain viable for at least two months after 
transplantation into rat striatum (Saporta et al , 1997). This will allow the SCs to 
provide the axotomized RGCs with a long-term supply of a variety of neurotrophic 
factors to enhance their survival and regrowth. This also increases the chance of 
presenting the RGCs with the right trophic factors at the right time，thus satisfying the 
fastidious needs of the neurons to regenerate. Furthermore, the cell surface molecules 
of SCs offers a favorable substratum for retina attachment and RGC neuritic growth. 
These benefits of SCs to RGC regrowth may also be relevant to other CNS neuron 
regeneration. 
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The excellent immimo-modulatory characteristics of SCs can also facilitate 
their use in transplantation to promote CNS regeneration, minimizing graft rejection 
and the administration of cytotoxic immunosuppressive drugs. The metal transfer 
proteins, transferrin (Suire et al., 1997; Sylvester，1993) and ceniloplamin (Sylvester, 
1993) produced by SCs may help to solve the problems of insufficient oxygen 
delivery to the grafted region in the early stages of engraftment (Willing et al., 1999a). 
Besides, SCs are easily accessible and cultured in large quantities as opposed to 
neuronal and glial cells which need consumption of large number of explant tissues 
and time to generate adequate amount of cells. Their use may avoid many ethical 
issues linked to embryonic neural tissue transplants. Significantly, SCs do not show 
mitotic activity in vitro and in vivo, hence decreases the likelihood of their 
proliferation and tumorigenicity in the recipients (Willing et al.，1998) in cases of 
transplantation. 
4.4 Summary 
The present study has shown that both young and adult hamster SCs can 
promote mature RGCs to regenerate neurites in vitro. The neurite-promoting effects 
of SCs can be mediated by their cell surface molecules and secreted trophic factors. 
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In addition SC secreted factors can increase RGC mean soma size and alter the 
morphology of certain retinal glial cells in a short culture period. 
To understand more about SC neurite-promoting mechanisms and explore 
potential contributions to future therapeutic treatments for injuries and diseases of 
RGCs or other CNS neurons, further studies will be required. It will be interesting to 
determine whether the change in glial morphology by SCs is accompanied by other 
molecular alterations beneficial to RGC regeneration. 
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Tables 
Table 3.1 Mean neurite number of retinal explants cultured in different 
conditions 
groups mean neurite number per explant number of explants 
(mean 土 SEM) 
PLL control 54.4 士 7.6 45 
9D SC 292.1 土 18.7 45 
14D SC 147.3 土 12.3 ^ 
14D nvSC 109.4 土 8.2 45 
14DTC 19.4 ±3.8 ^ 
adult SC 484,6 土 36.5 45 
groups mean neurite number per explant number of explants 
(mean 土 SEM) 
PLL control 54.4 ±7.6 45 
9D CM(E) 1400.4 土 78.3 ^ 
9D CM(L) 1104.8 ±99.8 45 
14D CM(E) 591.4 ±62.9 45 
“ 14D CM(L) 500.9 土 56.6 45 
— a d u l t CM(E) 1594.7 ±92.4 45 
adult CM(L) 1175.3 ±86.3 45 
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Table 3.2 Mean longest neurite length of retinal explants cultured in different 
conditions 
groups mean longest neurite length number of explants 
(l^m) of explant (mean 土 SEM) 
PLL control 313.3 土 28.8 45 
9D SC 929.5 ±40.8 ^ 
14D SC 1848.2 土 75.1 ^ 
14D nvSC 1007.9 土 57 ^ 
14D TC 701.9 ±82.1 45 
adult SC 1320.9 ±55.5 45 
j groups mean longest neurite length number of explan tsI 
I (jam) of explant (mean 土 SEM) 
PLL control 313.3 ±28.8 45 
9D CM(E) 1080.8 ±43.7 45 
9D CM(L) 933.3 ±43.5 ^ 
14D CM(E) 1212 ±81 
14D CM(L) 1299.5 ± 99.4 45 
一 adult CM(E) 1235.8 ±52.6 ^ 
adult CM(L) 1146 土 70.8 45 
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Table 3.3 Semiquantitative evaluation of degree of cell surface molecule 
expression on various age SCs. 
The degree of expression of the molecules on SC surfaces in the coculture systems 
was scored ranging between no expression, i.e. negatively stained by the antibody,(-) 
to the greatest degree of expression, i.e. the greatest staining intensity, (+++++). The 
data of HSPG, laminin, and NCAM of adult SCs were not analyzed because of the 
detachment of retinal explants. 
degree of Collagen CSPG fibronectin HSPG laminin N-cadherin NCAM 
expression IV 
^ _ - +++++ ++ ++ +++ +++ 
- - +++++ ++ +++ ++++ ++++ 
r ^ i t I - I - I +++++ I / I / I ++++ ―丨~~ 
Table 3.4 Semiquantitative evaluation of degree of association between 
outgrowing neurites and the cell surface molecules on various age SCs. 
The degree of association was scored ranging between no association (-) to the 
greatest degree ofneurite-SC surface molecule co-localization (+++++). The data of 
HSPQ laminin and NCAM of adult SCs were not analyzed due to the loss of explants. 
degree of Collagen CSPG fibronectin HSPG laminin N-cadherin NCAM 
association IV -
- : + + + + + + + + + + + + + + + + 
14D - - + + + + + +++ ++++ +++++ ++++ 
adult - ++++ I / I / I ++++ 丨 -
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Table 3.5 Proportion of dissociated retinal neurons labeled by different markers 
after cultured in different conditions 
The numbers in parentheses indicate the numbers of coverslips analyzed or the 
percentages of labeled retinal cells among all NP-M-positive neurons. 
groups total number of cells number of cells number of cells 
number labeled by NF-M labeled by NF-M labeled by 
of cells only and vimentin NF-M and DY 
D F / N 2 1 9 2 (4) 一 96 (50%) _ 34 (17.7%) 62 (32.3%) 
9D C M 1 5 2 (2) 54 (35.5%) 28(18.4%) 70 (46.1%) 
"~14D CM 1 6 9 7 ^ 100 (59.2%) 6 (3.6%) 63 (37.3%) 
~ M u l t CM 121 (44.5%) 35 (12.9%) 116(42.6%) 
Table 3.6 Mean cell body area of NF-M and DY-positive RGCs among different 
culture condition groups 
groups mean cell body area (|Lim') of number of cells 
retinal cells (mean 土 SEM) 
DF/N2 control 133.6 土 8.4 ^ 
9D CM 173.7 土 9.8 70 
14DCM 207.4 土 10.7 
Adult CM 282.1 士 12.3 116 
Table 3.7 Mean neurite number of NF-M and DY-positive RGCs among different 
culture condition groups 
. 
groups mean neurite number of retinal number of cells 
cells (mean 土 SEM) 
DF/N2 control 1.6 ±0.2 ^ 
9D CM 2.5 ±0.2 — Z2 
14D CM 1.6 ±0.2 ^ 
Adult CM 1.9 土 0.1 116 
= = = = = = = ‘ 
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Table 3.8 Mean total neurite length of NF-M and DY-positive RGCs among 
different culture condition groups 
groups mean total neurite length (^im) of number of cells 
retinal cells (mean 土 SEM) 
DF/N2 control 321.8 ±64.5 ^ 
9D CM 517.7 土 66.4 70 
14D CM 288 ±48.9 63 
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